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ABSTRACT 
The asymmetric chelating agent (±)-(2-mercaptoethyl)methyl-
phenylarsine has been resolved into its optical antipodes by the 
fractional crystallization of unusual µ-thiolato epimers 
containing two ortho-metalated [(R)-[1-(dimethylamino)ethyl]-
naphthyl-C2,N]palladium(II) resolving units per bridging 
methylphenyl(2-thiolatoethyl)arsine. The molecular structure of 
the least soluble epimer, with [a] 0 -283° (CH 2Cl 2), has been 
confirmed by a single crystal X-ray analysis. The bridging 
thiolato atom and the coordinated arsenic atom both have the S 
absolute configuration in the dinuclear complex. Treatment of the 
dimer with 1 ,2-ethanediamine removes the terminal resolving unit 
and affords crystalline monomeric (-) 589 -[(R)-1-[1-
(dimethylamino)ethyl]naphthyl-C2,N][(S)-(methylphenylarsino)-
ethanethiolato-As,S]palladium(II) from which optically pure (-
)589-(R)-(2-mercaptoethyl)methylphenylarsine with [a] 0 -16.7° 
(CH 2Cl 2) was liberated by treatment with cyanide. The (+) 589 -(S) 
enantiomer of the ligand was obtained in 72% ee from the residual 
mixture of epimeric complexes and brought to optical purity by 
fractional crystallization of the corresponding enantiomorphic 
dinuclear complexes containing (S)-dimethyl(1-ethyl-a-
naphthyl)amine. 
The racemic and optically active forms of the asymmetric 
bidentate (±)-(2-mercaptoethyl)methylphenylarsine, and the racemic 
form of the corresponding tertiary phosphine, have been used to 
prepare a series of square-planar comple~es of the type 
[M(SCH 2CH 2EMePh) 2] (where M = Ni(II), Pd(II), or Pt(II); and E = 
vi 
P, or As). Ligand redistribution is rife in solutions of these 
complexes under ambient conditions, especially for the bivalent 
nickel and palladium derivatives of the tertiary arsine, as 
evidenced by facile intermolecular asymmetric transformations 
between racemic and meso diastereomers of the same complex. 
Furthermore, it has been shown that although stereoelectronic 
effects govern the distribution of product stereochemistries in 
solution, these are frequently outweighed by lattice effects in 
isolated solids , where a single diastereomer of a particular 
complex can often be isolated by a second order asymmetric 
transformation. 
The functionalized asymmetric chelating agents (2-mercapto-
ethyl)[2-(methoxymethyl)phenyl]methylarsine and (2-mercaptoethyl)-
[2-(hydroxymethyl)phenyl]methylarsine have also been prepared. The 
resolution of both bidentate ligands was achieved by a combination 
of metal complexation and nucleophilic displacement procedures 
similar to those employed in the resolution of the model compound, 
(2-mercaptoethyl)methylphenylarsine. 
Square-planar palladium(II) complexes containing the 
optically active forms of (2-mercaptoethyl)[2-(methoxymethyl)-
phenyl]methylarsine have been prepared. Treatment of these 
compounds with boron tribromide in chloroform gave the 
corresponding dicationic complexes that contained the optically 
active macrocycle (5R*,14R*)-5,6,7,9,14, 15,16,18-octahydro-5,14-
dimethyl-dibenzo[f,m][4,11 ,1,8]-dithiadiarsacyclotetradecin. The 
chiral quadridentate ligands, with [a] 0 ± 180° (CH 2 Cl 2 ), could be 
vii 
released stereospecifically from the respective complexes by 
cyanide displacement. Mineral acid catalysed epimerizations of t he 
asymmetric arsenic centers in the optically active cyclic ligands 
gave a quantitative yield of the less soluble meso macrocycle. The 
macrocyclic ligands are air-stable crystalline solids. The meso 
ligand coordinates stereospecifi9ally to palladium(II), but the 
perchlorate salt of this complex, upon heating in 
dimethylsulphoxide, undergoes a quantitative asymmetric 
transformation into the corresponding racemic substance. 
Both the racemic and meso forms of the macrocyclic complexes, 
[5,6,7,9,14,15,16,18-octahydro-5,14-dimethyl-dibenzo[f,m]-
[4, 11,1,8]-dithiadiarsacyclotetradecin-S8 ,S 17 ,As 5 ,As 14 ]-
palladium(II) dibromide, could also be obtained directly from the 
reaction between boron tribromide and the bis-chelates containing 
the racemic form of (2-mercaptoethyl)[2-(methoxymethyl)phenyl]-
methylarsine. The molecular structures of the template complex 
meso-trans-[2-[2-(methoxymethyl)phenylmethyl]ethanethiolato]-
palladium(II), together with the racemic macrocycle and the 
racemic and meso forms of the dicationic macrocyclic palladium(II) 
complexes have been confirmed by X-ray crystallography. 
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NOMENCLATURE 
The nomenclature used throughout this thesis is consistent 
with that adopted by Chemical Abstracts (Chemical Abstracts, 10th 
Collective Index, Index Guide, 1977-81, 86-95). 
For dinuclear complexes containing the resolving agent and 
the coordinated merca9toethyl substituted ligands, however, there 
is no systematic nomenclature available. For these compounds the 
descriptors (S*,S*,R*,R*) and (R*,R*,R*,R*) indicate the relative 
absolute configurations of the four asymmetric centers. The 
ordering of the centers was determined with use of the Cahn-
Ingold-Prelog Sequence Rule. 48 The absolute configurations of the 
chiral centers are indicated by the absolute descriptor R or S 
followed by a hyphen: R- or S-. 
1 
CHAPT2R 1 : INTRODUCTION 
1.1 General 
The chemistry of macrocyclic compounds is an area of research 
that has flourished over the past two decades. During this period a 
multitude of macrocycles has been synthesised for use in metal 
complexation studies. 1 A significant development stem~ing from 
these investigations has been the realisation that by careful 
design of cavity sizes, macrocycles can act as selective reagents 
for metal ions. 2 Important advances to the field have also arisen 
from the synthesis of models of naturally occuring macrocyclic 
metal complexes. The majority of macrocycles so far reported have been 
prepared from acyclic .precursors that were cyclized by adopting one 
of two approaches.3 The first involves the direct cyclization of 
reactive groups under high dilution conditions without use of any 
other reagent to control the reaction process. The second approach 
utilises a metal ion for the sterically demanding cyclization step. 
The best results have usually been obtained with use of the latter 
method although it is not a viable alternative for all ligand 
systems. 
The majority of cyclic polydentate ligands synthesised contain 
oxygen, sulfur, nitrogen or phosphorus donor atoms. 1- 8 There is a 
paucity of information in the literature concerning the synthesis 
of macrocycles containing tertiary arsenic cent ers, even though the 
coordination chemistry of this soft donor is well established.9 
Indeed, it was not until 1980 that the first tertiary arsino 
containing macrocycle was isolated. 1° Furthermore, all such 
2 
compounds so far reported have been prepared using the high 
dilution method. 
1.2 Hacrocycles Containing Arsenic Donors 
Kyba and Chou prepared the first tertiary arsino containing 
macrocycles (1-5) by reacting 1,2-bis(methylarsino)benzene with two 
molar equivalents of n-butyl lithium in tetrahydrofuran followed by 
cyclization with a variety of dielectrophiles. 10 
AsMeH 
2 n-Buli 
AsMeH (Z~2E 
z E Yield (%) 
1 ) Br AsPh 33 
2) Cl PPh 19 
3) OMs s 37 
4) Cl NMe 36 
5) OMs 0 40 
Under the same r.eaction conditions they also prepared 
2 , 3 , 4 , 5 , 6 , 7 , 8 , 9-o ct ah yd r o-1 , 5 , 9- tr i ph en y 1-1 H- 1 , 9 , 5-be n zo di p ho s·p ha -
arsacycloundecin (6) in 28% yield from the reaction between 1,2-
bis(phenylphosphino)benzene and bis(3-chloropropyl)phenylarsine. 
PPhH 
2 n-Buli 
Ph'-l ~ 
~ p ) 
PPhH 
(c1~2 AsPh /,1/ p A\-"-Ph 
p~ \_/ 
(6) 
3 
In 1981, Kauffmann and coworkers prepared three crown arsines 
by implementing a similar strategy. 11 For example, diarsenide (7) 
reacted with 1,3-dichloropropane in tetrahydrofuran to give the 
twelve membered ring 1,5,9-triphenyl-1,5,9-triarsacyclododecane (8) 
AsPhLi 
Ph"-- r'1 .r'Ph Cl=> Ph-vv· s + • (As) lAsPhLi Cl ~ 
Ph 
(7) (8) 
in 23% yield. Similarly, when diarsenide (7) was treated with 
bis(3-chloropropyl)arsine (9), the 16-membered macrocycle 1,5,9,13-
tetraphenyl-1,5,9,13-tetraarsacyclohexadecane (10) was obtained in 
18% yield. 
AsPhLi Cl~ 
Ph (l Ph 
Ph-vv· s + 
Cl~Ph 
., 
lAsPhLi prv 1ph 
(7) (9) (10) 
4 
The 24-membered crown arsine 1,5,9,13,17,21-hexaphenyl-
1 ,5,9,13,17,21-hexaarsacyclotetracosane (13) was obtained in 6% 
yield from the reaction between the diarsenide (7) and bis{(3-
chloropropyl)phenylarsinopropyl}phenylarsine (11) and in 12% yield 
from bis(3-chloropropyl)arsine and the long chain diarsenide (12). 
rAsPhli 
Ph~S + 
lAsPhli 
(7) (11) (13) 
or 
p((l rAs AsPhli 
Ph~S 
lAs AsPhli ptV 
+ 
(12) (13) 
5 
In a later report, Kauffmann and Ennen noted the preparation 
of a number of _tertiary-arsino containing heterocycles from various 
chloro-alkyl substituted arsine precursors. 12 For example, the 
macrocycle 9-phenyl-1 ,5-dithia-9-arsacyclododecane (14) was 
prepared in 32% yield from the dimerization reaction between 1 ,3-
propanedithiol and bis(3-chloropropyl)phenylarsine (9) in the 
presence of base. 
(9) 
+ HS\ 
HS_/ 
.. 
( 1 4 ) 
The mixture of macrocycles, 11-phenyl-1 , 4,7-trithia-11-
arsacyclotetradecane (15) and 11 ,25-diphenyl-1 ,4,7,15, 18,21-
hexathia-11 ,25-diarsacyclooctacosane (16), was obtained when bis(3-
chloropropyl)phenylarsine, (9), was treated with HS(CH2) 2S(CH2 ) 2SH 
in the presence of potassium hydroxide. The yields of (15) and (16) 
were 42 and 7%, respectively. A similar reaction of (9) with 
HS(CH2)20(CH2 ) 2SH gave a mixture of the oxygen containing 
macrocycles 8-phenyl-1-oxa-4,12-dithia-8-arsacyclotetradecane, 
(17), and 8,22-diphenyl-1 ,15-dioxa-4,12,18,26-tetrathia-8,22-
diarsacyclooct acosane, (18), in 43 and 7% yield, res pectively. 
6 
+ 
! 
;\/\("1 
S E S ) 
+ 
Ph-vv s AsvvPh 
L\J\ __ ~/J 
15) E=S, 17) E=O 1 6) E= S, 1 8 ) E= 0 
The 16-membered 9,13-diphenyl-1 ,5-dithia-9,13-diarsacyclo-
hexadecane (19) and the 12-membered 5,9-diphenyl-1-thia-5,9-
diarsacyclododecane (20) were prepared by reacting the precursor 
1,3-propanediylbis[(3-chloropropyl)phenylarsine] individually with 
1 ,3-propanedithiol or sodium sulfide. The larger ring was obtained 
in 43% yield and the smaller one in 27% yield. 
Phrl c)is Cl 
As Cl p{U 
+ HS\ 
HS__/ 
(1 9 ) 
7 
Phr"l 
C~s - Cl As Cl p{V + No S·9H 0 2 2 
(20) 
Treatment of the precursor bis[3-[(3-chloropropyl)phenyl-
arsino]propyl]phenylarsine (21) with sodium sulfide gave the 16-
membered macrocycle 5,9,13-triphenyl-1-thia-5,9,13-
triarsacyclohexadecane (22) in 30% yield. 
+ No S· 9H 0 2 2 
(21) (22) 
Using an improved high dilution apparatus Kyba and Chou 
prepared four 14-membered tertiary-arsino containing macrocycles. 13 
The crown arsane 5,6,7,8,9,14,15,16,17,18-decahydro-5,9,14,18-
tetramethyl-dibenzo[b,i][l ,4,8,11]tetraarsacyclo-tetradecin, (23), 
was prepared in 6% yield from the reaction between o-
bis[(lithiomethyl)arsino]benzene (24) and o-bis[[(3-chloropropyl)-
methyl]arsino]benzene (25) in tetrahydrofuran. Similarly, the 
tertiary-phosphino containing macrocycle 5,6,7,8,9,14,15,16,17,18-
decahydro-9,14-dimethyl-5,18-diphenyldibenzo[b,i][1 ,4,8,11]-
diphosphadiarsacyclotetradecin (26) was obtained in 20% yield when 
(25) was treated with o-bis[(lithiomethyl)phosphino]benzene. 
8 
~ELi + 
~ELi 
23) E=AsMe, 26) E=PPh 
The heterocycles 6,7,8,9,14,15,16,17-octahydro-9,14-dimethyl-
dibenzo[b,i][1,4~8,11]diheteradiarsacyclotetradecane (where 
dihetera is dioxa (27) and dithia (28)) were obtained similarly 
when the diarsenide species (24) was individually treated with o-
bis[3-(methanesulfonyloxy)propoxy]benzene or its thioether 
analogue. The yields were 34 and 37% r espectively. 
~AsMeLi + 
~AsMeLi 
27) E= O, 28) E=S 
Significantly, all of the As 2 E2 type macrocycles so far 
described contain a cis arrangement of the like pairs of donor 
atoms. Indeed, only one example of a macro.cycle of this type wi t h a 
trans arrangement of donor pairs has been reported. The 16-membered 
9 
macrocycle 5 ,3-diphenyl- 1, 9- dithia- 5,3- diarsacyclohexadecane (29) 
was obtained in 2% yield when two molar equivalents of bis(3-
chloropr opyl)phenylarsine (9) were treated with sodium sulfide. 11 
(Cl Ph',(7 fl cA• S) 
2 PhtCI + 2 Na 2 S·9H 2 0 + Ph-As S u S As v\,h 
{2%) ( 30 ¼) 
( 29) 
The synthesis of (29) demonstrates many of the difficulties 
associated with the synthesis of macrocycles by the high dilution 
method, viz., low yields, undesirable side products, the use of 
large volumes of solvents, and the lack of stereochemical control 
of product formation. Many of these difficulties can be overcome 
with use of a template synthesis, as evidenced by the preparation 
of numerous mixed donor macrocycles by this methoct. 1 ,3,6,7, 14- 19 
10 
1.3 Controlled Formation of Macrocycles by Means of Metal 
Templates 
The first systematic utilization of metal ions in the synthesis 
of macrocycles emerged in 1964 when Busch and Thompson reported the 
16 preparation of six macrocyclic nickel(II) complexes . . In these 
syntheses the cyclization was achieved by reacting a difunctional 
alkyla t ing reagent with a coordinated dinucleophile. Thus, the 
nickel(II) complexes (30 , 31) containing the 13-membered macrocycle 
5 , 6-dimethyl-1 ,10-dithia-4,7-diazacyclotrideca-4,6-diene were 
prepared from the reaction of the neutral complex [2,2'-
[(dimethylethanediylidene)dinitrilo]diethanedithiolato]nickel(II) 
with 1,3-dibromopropane or 1 ,3-diiodopropane, respectively. 
Similarly, treatment of [2,2'[(ethylmethylethanediylidene)-
dinitrilo]diethanethiolato]nickel(II) with 1 ,3-dibromopropane gave 
the 5-ethyl,6-methyl substituted 13-member ed macrocyclic nickel(II) 
comp 1 ex ( 3 2 ) . 
1/Cs 
NI + 
R :---.Qs 
30 ) R= Me, X=Br, 
31) R=Me, X=I , 
32) R=Et , X=Br 
With use of a,a'-dibromo-o-xylene as the di functi onal 
alkylating agent, three nickel(II) complexes contai ning 14-membered 
macrocyclic rings were also prepared. 
11 
Br M 
+ 
Br 
33) R=CH 3 , 34) R=C 2H5 , 
35) R=C5H1 1 
Cyclizations involving a,a'-dibromo-o-xylene proceeded in h igher 
yield than than those in which 1 ,3- dihalopropanes were used. This was 
rationali s ed in terms of unfavourable ring strain in the smaller ri ng. 
Furthermor e, the 14-membered macrocyclic complexes precipitated f r om the 
organic solvent. 
Although there has been no report to date of a t empl ate 
synthesis of an arsenic containing macrocycle, numerous phosphorus 
compounds have been prepared under the infl uence of metals. In 
1970, Schwarzenbach and Marty6 reported the synthesis of (36) by 
the following reaction: 
p\/\ Br Phr;;;\ Cp"' /s C\"'~~/ Ni + Br-
P/ "s P/ 's 
p(LJ Br p(\_/ 
(36) 
1 2 
In 1977, DelDonno and Rosen 17 reported the synthesis , in 35-
40% yield, of a 15-membered macrocyclic nickel(II) complex (37) by 
reacting [1,4,8,11-tetraphenyl-1 ,4,8,11-tetraphosphaundecane-
f,f',f'',P''']nickel(II) dichloride with a,a'-dibromo-o-xylene in 
ethanol in the presence of anhydrous potassium carbonate. The free 
quadridentate 2,3,4,5,6,7,8,9,10,11 ,12,13-dodecahydro-2,5,9,12-
tetraphenyl~1H-2,5,9,12-benzotetraphosphacyclopentadecin (38) was 
liberated from the complex by displacement with aqueous sodium 
cyanide. 
Br 
+ 
Br 
(37) 
! CN" 
Ph Ph 
1, /\ f 
Cp p p p 
!\_J\ 
Ph Ph 
(38) 
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More recently, Stelzer et al.7 r eport ed the template synthesis 
of four 14-membered macrocyclic quadridentate phosphine ligands 
from the dissymmetric precursor 1 ,2-bis(methylphosphino)ethane. In 
this synthesis square planar complexes of bivalent palladium and 
nickel containing the bis(bidentate) precursors were first isolated 
and then used as template material in the subsequent single stage 
ring closure reactions. Cyclizations were achieved through 
reactions of dialdehydes or diketones with the coordinated 
neighbouring secondary phosphine donor atoms in cis positions. For 
example, the macrocyclic palladium(II) and nickel(II) complexes, 
(39) and (40), containing the 14-membered ring 2,4,9,11-
tetrahydroxy-1,2,4,5,8,9,11,12-octamethyl-1 ,5,8,12-tetraphospha-
cyclotetradecane, were obtained when acetylacetone was treated with 
an ethanolic solution of the corresponding bivalent metal complexes 
containing the bis[1 ,2-bis(methylphosphino)ethane] precursors. 
OH 
H H Me 
M~ I I .r1"Me Me Me~ Me (p"'M'_/p) 0 p p.rl 
+ C "'M·_/) p/ ~p 0 /~ . M~I l~e P K 
H H Me M~ Me 
Me Me 
39) M=Pd 
40) M=Ni 
1 4 
Interestingly, from the experimental details reported by 
Stelzer et al. for the preparation of (39) and (40), the presence 
of different metal ions seemed to significantly affect the rate of 
cyclization. Thus, the palladium(II) complex was obtained in 70% 
yield after the reactive moieties had been treated at 60 °C for 
twelve hours, whereas in the case of the nickel(II) system the 
reaction mixture had to be stirred at 70 °C for three days to give 
the product (89% yield). 
Similarly, treatment of the bis(bidentate) palladium(II) 
complex containing 1,2-bis(methylphosphino)ethane with 
malonaldehyde-tetramethyl-acetal in ethanol at 60-70 °C for 12 
hours gave the macrocyclic complex (41) in 91% yield. 
OH HO 
H H 
M~ I I r1"Me 
( p~Pd"<"')p p/ ~ 
M~I l~e 
· H H 
+ 
MeO 
MeO 
OMe 
OMe 
H H 
H H 
( 41 ) 
Furthermore, the palladium(II) macrocyclic complexes 
containing 2,3,9,10-tetrahydroxy-1 ,4,8,11-tetramethyl-2,3,9,10-
tetraphenyl-1,4,8,11-tetraphosphacyclotetradecane (42) and 
2,3,9,10-tetrahydroxy-1 , 2 ,3,4,8,9,10,11-octamethyl-1,4,8,11-
tetraphosphacyclotetradecane (43) were obtained when the 
corresponding bis(bidentate) palladium(II) complexes were 
individually treated with benzil or biacetyl in ethanol. 
• 
15 
OH HO 
R ~--V R 
+ :CR 
R 
Me~P ~e 
C>(J 
M?i ~Me 
R R 
OH H 
42) R=Ph, 43) R=Me 
Stelzer's work clearly shows that the size of the macrorings 
in the final product has a dramatic effect on the efficiency of the 
synthesis. The most favourable ring size was found to be fourteen 
and complexes of this type were obtained in 70-96 % yield. Att empts 
to prepare complexes with smaller (12-membered) and larger (16-
membered) rings failed under similar reaction conditions. 
Another interesting macrocyclic nickel(II) complex containing 
the 14-membered ring 2,12-dimethyl-7-phenyl-3,11 ,17-triaza-7-
phosphabicyclo[11,3,1]heptadeca-1(16),2,11,13,15-pentaene (44) was 
prepared in Meek's laboratories in 1974 from the r eaction between 
2,6-diacetylpyridine and bis(3-aminopropyl)phenylphosphine in t he 
presence of nickel(II) halides. 18 Treatment of (44) with NaBH4 in 
methanol gave the correspo nding amino complex. 
1 6 
Me Me 
rNH2 . 0 \L Niu 
Ph"'-A,P + Ph'V'\.,P- Ni-N \__;NH2 
0 (J-
Me Me 
(44) 
A few years later, Meek and co-workers prepared a 16-membered 
macrocyclic nickel(II) complex containing 2,4-dimethyl-9,13-
diphenyl-1 ,5-diaza-9,13-diphosphacyclohexadeca-1,4-diene (46). 19 
They proposed that the cyclization was achieved by an acid 
catalysed intramolecular rearrangement of the precursor nickel(II) 
complex (45) in the boiling methanol-water mixture. 
(45) ( 46) 
The donor atoms of the precursor are assumed to r emain 
coordinated during the course of the macrocycle synthesis. 1 , 3 The 
nature of the macrocycle appears to be largely determined by the 
stereochemistry of the metal template. The control over the 
reactive groups of the precursor by the metal largely accounts for t he 
17 
improved yields of macrocyclic products in template reactions 
compared to those obtained using the high dilution method. A 
similar approach would appear to be desirable for the synthesis of 
arsenic containing macrocycles, although no reports of the use of 
this strategy have appeared to date. The possibility of generati ng 
macrocycles containing optically active donors presents an 
interesting challenge that has not been taken up previously. 
Macrocycles containing tertiary arsenic (or phosphorus) donor atoms 
would appear to be ideal for this purpose, although the 
difficulties associated with the resolution of such stereocenters 
may have deterred development of the field. 
1.4 Resolution of Tertiary Arsines 
1.4.1 Classical Methods 
Simple asymmetric tertiary arsines are optically stable at 
20 
room temperature: inversion barriers are greater than 167 kJ/mol. 
Classical methods of resolving unidentate tertiary arsines involve 
electrolytic reduction or nucleophilic displacement of a benzyl 
21-23 group from resolved quaternary arsonium salts. For example, 
both of these methods have been used to liberate (S)-
ethylmethylphenylarsine (S)-(47) fran the corresponding resolved 
benzyl-arsonium salt in which (-)-dibenzoylhydrogen-tartr ate was 
the counteranion. 21 
LiAIH4 
or e-
(~)-(47) 
18 
The first article to report the resolution of a bidentate 
ligand containing arsenic donor atoms appeared in 1970. 24 The 
racemic form of the dissymmetric bidentate ligand 1 ,2-
bis(methylphenylarsino)ethane (48) was resolved by quaternising the 
two arsenic centers with benzyl bromide, followed by fractional 
crystallization of the corresponding optically active 
dibenzoylhydrogentartrate salts. The classical resolution 
procedure, however, is time consuming and gives only low yields of 
optically pure products. In view of this problem, considerable 
effort has been directed towards the development of more efficient 
methods of resolution of tertiary arsines and their phosphine 
analogues. 25-3 4 
1.4.2 By Means of Metal Complexation 
In 1970 Bosnich and Wild24 successfully resolved the 
monodentate ligand ethylmethylphenylarsine (49) using platinum 
complexes containing optically active stilbenediamine as the 
coordinated resolving agent. The optically active forms of (49) 
were obtained in high yield and in high optical purity. Unlike the 
classical method of resolving an arsonium salt, the coordinated 
ligand was readily displaced from the resolving complex under mild 
conditions, thus circlli~venting the problem of stereospecifically 
converting the optically active quaternary species into the 
optically pure terti~ry product. This important result suggested a 
promising general approach to the resolution of tertiary arsine 
containing ligands by means of metal complexation. 
.. 
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( -+) - As M e Et Ph 
(+)-(49) 
Between 1971 and 1977 several unidentate tertiary phosphines 
were resolved with use of (+)-di-µ-chloro-bis[(S)-[1-[1-
(dimethylamino)ethyl]phenyl-C2,N]]dipalladium(II),25 [S-(R*,R*)]-
(50), (-)-di-µ-chloro-bis[(R)-[1-[1-(dimethylamino)-ethyl]naphthyl-
C2 ,N]]-dipalladium(II),27 [R-(R*,R*)]-(51), or (+)-cis-dichloro-
bis[(S)-sec-butylisocyano]palladium(II) , 27 [S-(R*,R*)]-(52), as 
resolving agents. 
[S-(R*,R*)]-(50) [R-(R*,R*)]-(51) [S-(R*,R*)]-(52) 
- - -
In 1979, Robe r ts and. Wilct28 successfully applied the method to the 
resolution of the dissymmetric bidentate chelating a gent (±)-1 ,2-
phenylenebis(methylphenylarsine), C±)-(53). The 53:47 
diastereomeric equilibrium mixture of racern-ic and meso-(53) was 
converted quantitatively into the racemic form by crystallization 
! 1), 2) 
Ph Me 
cx'·i 
As 
/\ 
Me Ph 
( s, s) - ( .5 3) 
+ 1) H , 2) CN 
+ 
Ph Me 
(X\{' 
As 
/\ 
Me Ph 
l 
M 
+ 
Scheme 1 
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Me Ph 
\, / AsY) 
As~ 
,,, \ 
Ph Me 
Me Ph 
Me2 \ / 
RN~ /sX) 
Pd+ I 
""-As 
,,, \ 
Ph Me 
j1), 2) 
Me Ph \, I AsY) 
As~ 
/ \ 
Ph Me 
(R,R)-(53) 
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of the mixture from hot methanol in the presence of a mineral acid. 
As shown in Scheme 1, the racemic diastereomer was subsequently 
resolved with (50), the resulting pair of internally diastereomeric 
palladium(II) complexes being separated by fractional 
crystallization. These salts were individually treated with HCl (to 
remove the resolving agent) and then aqueous potassium cyanide to 
liberate the free optically pure enantiomers of the bis(tertiary 
arsine). 
In the case of asymmetric bidentates, however, the existence 
of cis-trans isomerism is a potential drawback to the generality of 
the method since four diastereomers are now possible (Figure 1). 
M M 
Figure 1 Stereochemical representations of the internalli 
diastereomeric complexes containing the benzyl amine 
resolving agent 
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Nevertheless, the asymmetric bidentate threo-1-
(methylphenylarsino)-2-(methylphenylphosphino)benzene, threo-(54) 
was successfully resolved using (50). For erythro-(54), 29 (±)-
methylphenyl(8-quinolyl)arsine (55)3 2 , and (±)-(2-aminoethyl)-
methylphenylarsine (56)33, however, a mixture of four isomers was 
observed. This problem was overcome by using (51) as resolving 
agent: in this case only one pair of isomers in which the stronger 
donor of the bidentate was trans to the nitrogen atom of the 
resolving agent were formed. 
threo-(541 
erythro-(54) 
AsMePh 
AsMePh 
(55} (56) 
Me Ph 
\, / As:o 
,P 
,' \ 
Me Ph 
The absolute configurations of the asymmetric centers in the 
internally diastereomeric complexes were in most cases assigned 
from 1H NMR data on the complexes in solution. 28-3 4 For certain 
compounds, however, these assignments were confirmed by single 
crystal X-ray analyses.28,32 
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1.5 Aim of the Work 
Our goal was to prepare the pure stereomers of a chelating 
trans-As2S2 macrocycle by the metal template approach. Structural 
requirements suggested the following strategy: 1), the use of a 
suitable metal ion was required to hold two mercaptoarsine 
bidentate precursors in a square planar geometry in which the 
chiral donors are coordinated trans to one another; 2), each of the 
bidentate precursors should carry a functional group that can be 
rea~ily converted into a reactive leaving group during the 
alkylation step with the terminal sulfide atom of the neighbouring 
bidentate precursor in the template; and 3), stereospecific 
liberation of the cyclic product from the macrocyclic metal 
complexes. The synthetic strategy is outlined in Figure 2. 
2 
Figure 2 Design strategy for the template synthesis of a trans-
Ass macrocycle (see Kluiber abd Sasso, Inorg. Chem. Acta, 1970, 
2 2 
4, 226 for related work on 0 2 N2 macrocycles). 
24 
The macrocycle shown in Figure 2 can exit in racemic or meso 
forms due to the presence of two pyramidally stable asymmetric 
tertiary arsenic centers. Our intention was also to obtain the 
optically active forms of the macrocycle. Rather than resolving the 
racemic product, however, we chose to first resolve the appropriate 
bidentate precursor and to dimerize this as indicated in Figure 2. 
meso racemic 
In preliminary work, the model compounds (±)-(2-mercapto-
ethyl)methylphenylarsine and its phosphorus analogue were prepared 
and resolved. The synthesis and resolution of these ligands is 
described in Chapter 2. 
A number of bivalent nickel, palladium and platinum complexes 
containing the deprotonated asymmetric mercaptoethyl substituted 
tertiary arsine and phosphine were also prepared. The 
stereochemistry and dynamic behaviour in solution of these 
complexes were investigated to determine the most suitable metal 
template for the proposed macrocycle synthesis. The results are 
discussed in Chapter 3. [It should be noted that the phosphine 
complexes were required for the stereochemical assignments based on 
1H NMR spectroscopy.] 
25 
Chapter 4 describes the preparation and res olution of the new 
asymmetric bidentates (±)-(2-mercaptoethyl)[2-
(hydroxymethyl)phenyl]methylarsine and (±)-(2-mercapt oethyl)[2-
(methoxymethyl)phenyl]methylarsine. Both were seen as potential 
precursors to the macrocycle, although in the final event only the 
latter ligand was employed. 
In Chapter 5 the cyclization of the pr ecursor complexes is 
discussed. 
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CHAPTER 2 
Preparation and Resolution of (2-Mercaptoethyl)methylphenylarsine 
and its Phosphine Analogue 
2.1 Introduction 
In 1956 Livingstone published the first article describing 
the synthesis of a bidentate ligand containing arsenic and sulfur 
donor atoms.35 The compound, dimethyl(3-mercaptopropyl)arsine (57) 
was prepared by warming an ethanolic solution of (3-chloropropyl)-
dimethylarsine and sodium hydrogen sulfide. Similarly, the 
reaction of (3-chloropropyl)dimethylarsine and sodium methyl 
sulfide gave dimethyl(3-methylthiopropyl)arsine (58).3 6 
(57) (58) 
Apart from these mercaptoalkylarsines two aryl derivatives 
have also been reported. The bidentate ligand, dimethyl[o-
(methylthio)phenyl]arsine (59) was prepared from dichloro[o-
(methylthio)phenyl]arsine and two molar equivalents of methyl 
magnesium iodide in diethyl ether.37 Using a slightly 
SMe SMe 
(59) 
different approach, o-(diphenylarsino)benzenethiol (60) was 
prepared by reaction of (2-bromophenyl)diphenylarsine with n-
butyllithium in diethyl ether followed by the additi on of 
elemental sulf~.38 
Br 
1) , 2) SH 
• 
AsPh2 AsPh 2 
( 60) 
1), n-BuLi at O 0 c;· 2), solid sulfur/NaOH,H+ 
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Numerous mercaptoalkyl substituted primary, secondary and 
tertiary phosphine bidentates have also been synthesised.39- 45 
Synthetic methods have generally involved reaction between a 
phosphide anion and an alkyl sulfide species. Thus, (2-
mercaptoethyl)phenylphosphine (61) was prepared in 76% yield from 
sodium diphenylphosphide and then followed by the slow additi on of 
ethylene sulfide. 45 
( 61 ) 
1), Na/NH3 ; 2), ethylene sulfide; 3) ,H+ 
In a different approach the mercaptoaryl ligand, diphenyl[o-
(methylthiol)phenyl]phosphine (62), was obtained in up to 74% 
yield by reacting an o-halothioanisole (where halo= chloro46 or 
iodo 47) with n-butyllithium followed by treatment with chloro-
diphenylphosphine. 
SMe SMe 
lJ., 2}, 3) 
X 
(62) 
( X = Cl, I) 
1), n-BuLi; 2) chlorodiphenylphosphine; 3), H+. 
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No ligand of this type has hitherto been resolved. In this 
work we described the synthesis and resolution of (±)-(2-
mercaptoethyl)methylphenylarsine and its phosphorus analogue. The 
phosphine ligand has previously been reported in the work of Marty 
and Schwarzenbach, although details of its preparation do not 
appear to have been published. 6 
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2.2 Results and Discussion 
2.2.1 Preparation of (±)-(2-Mercaptoethyl)methylphenylarsine, 
(±)-(63) 
(±)-(2-Mercaptoethyl)methylphenylarsine, (±)-(63), was 
obtained in 81% yield from the reaction between ethylene sulfide 
and sodium methylphenylarsenide in tetrahydrofuran at -78 °C 
(Scheme 2). The tertiary arsine is an air-sensitive1 colorless 
PhMeAsH 1 ) • 2) ' 3) ~ PhMeAsCH2CH2SH 
(±)-(63) 
Scheme 2 1), Na/THF; 2) ethylene sulfide at -78 °C; 3), H+ 
oil. As shown in Figure 3, the 1H NMR spectrum of the compound in 
CDC1 3 contains a sharp AsMe singlet at o 1 .18 while the SH 
resonance appears as a triplet at o 1.49 ( 3JHH=7.3 Hz). The 
resonances at o 1 .89-2.00 and o 2.50-2.63 were assigned to the 
AsCH2 and CH 2s protons, respectively. In the infra-red spectrum of 
(±)-(63), a weak V(SH) absorption was observed at 2530 cm- 1 . 
Figure 3 1H NMR spectrum of (±)-(63) in CDC1 3 
9 8 7 6 5 4 
SCH2 AsCH2 
3 2 
AsMe 
SH 
1 
w 
0 
2.2.2 Preparation and Rearrangement of 
(±)-(2-Mercaptoethyl)methylphenylphosphine, (±)-(64) 
31 
The bidentate ligand (±)-(2-mercaptoethyl)methyl-
phenylphosphine (±)-(64) was prepared in a similar manner to its 
arsine analogue by reacting sodium methylphenylphosphide with 
ethylene sulfide in tetrahydrofuran at -78 °C (Scheme 3). The 
PhMePH - 1~)~·---2~)_,_....,_3~)---=- PhMePCH2cH2SH 
(±)-(64) 
Scheme 3 1), Na/THF; 2), ethylene sulfide at -78 °C; 3); H+ 
product was obtained in 71% yield as a colorlessJair-sensitive 
liquid. As shown in Figure 4, the 1H NMR spectrum of (±)-(64) in 
CDC1 3 contains a characteristic doublet for the PMe group at o 
1 .31 ( 2JpH=3.2Hz), while the SH signal appears as a doublet of 
triplets at o 1 .58 (3JHH=7.6Hz, 4JpH=1 .2Hz). The infra red 
spectrum of the compound exhibited a weak v(SH) absorption at 2500 
cm- 1• 
The ligand (±)-(64) undergoes an unusual rearrangement on 
exposure to light (Scheme 4). Thus, when a sample was irradiated 
under a 1000W UV lam~ for 30 minutes, ethylmethylphenylphosphine 
sulfide (65) was obtained quantitatively. In contrast, when 
another sample was kept under ordinary room lighting for four 
Figure 4 1H N.MR spectrum of (±)-(64) in CDC1 3 
P.Me 
SCH 2 
PCH
2 
~IL 111 111 SH ,m1 11 II I JI\ w N 
'T I I - I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
9 8 ·7 6 5 4 3 2 1 
2 PhMePCH2cH2SH 
(±)-(64) 
PhMePEt 
(66) 
+ 
hv 
hv 
2 PhMeP(S)Et 
(65) 
Scheme 4 
PhMeP(S)CH2CH2SH 
(67) 
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weeks, a mixture of the compounds (64), (65), ethylmethylphenyl-
phosphine, (66), and (2-mercaptoethyl)methylphenylphosphine 
sulfide, (67), was obtained. These were separated by fractional 
distillation and characterized by elemental analysis, 1H NMR and 
mass spectroscopy. Furthermore, if this mixture was further 
irradiated with a 1000W UV lamp, (65) was obtained quantitatively. 
It is noteworthy that when a pure sample of (±)-(64) was kept in a 
completely dark environment under argon for two years, the 
rearrangement was not observed. The rearrangement is not thermally 
induced: no change was observed in the 1H NMR spectrum of a neat 
sample maintained at 100 °C for four days. These observations, 
together with the isolation of (66) and (67} at an inter~ediate 
stage of the reaction, suggest an intermolecular free radical 
mechanism for the rearrangement. 
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2.2.3 Resolution of Ligands 
Attempts to resolve (±)-(63) and (±)-(64) by the usual method 
of metal complexation (Section 1.4.2) were unsuccessful. It was 
necessary to deprotonate the ligands and to use a stoichiometric 
ratio of resolving agent to ligand of 1 :1. The procedure adopted 
is shown in Scheme 5. The initial mixture of dinuclear complexes 
was prepared by the reaction of the resolving agent [R-(R*,R*)]-
(51) and one equivalent each of the appropriate ligand and 
triethylamine in dichloromethane. In both cases, the less soluble 
dinuclear complexes [S-(S*,S*,R*,R*)]-(68) and [S-(S*,S*,R*,R*)]-
(69) crystallized from dichloromethane-acetone as large pale -
respectively . The pure diastereomer [S-(S*,S*,R*,R*)]-(68) 
crystallized as a fractional dichloromethane solvate and the 
phosphine analogue [S-(S*,S*,R*,R*)]-(69) as a mono 
dichloromethane solvate. The more soluble diastereomers, [R-
induced to crystallize over a wide range of conditions. The 
structure of the optically pure diastereomer [S-(S*,S*,R*,R*)]-
(68) was determined by X-ray crystallography. The details follow. 
Crystal and Molecular Structure of [S-(S*,S*,R*,R*)]-(68) 
•0.67CH2c1 2. Absolute Confi guration of Coordinated (R)-(63) 
------------------------------------------------------------
Pale yellow prisms of [S-(S*,S*,R*,R*)]-(68)•0.67CH2c12 
suitable for X-ray crystallography were grown by vapor diffusion 
of acetone into a dichloromethane solution of the complex. As 
Me 2 
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shown in Figure 5 the structure contains a single thiolato bridge 
between two nonequivalent square-planar palladiurn(II) moieties. 
The coordination geometry about each palladium correlates with 
data on a previous complex32 containing the ortho-metalated 
dimethyl[1-(1-ethyl)naphthyl]amine ring: the five-membered rings 
containing the palladium atoms have asymmetric skew conformations 
of o helicity with the methyl substituents on the asymmetric 
carbon centers of R absolute configuration occupying axial sites. 
The As arid S donor atoms are bound regiospecifically to palladium 
atoms, with the softest donors taking up positions trans to the 
NMe2 group in each case. A similar regiospecificity of 
coordination of unsymmetrical PN and AsN3 2 ,33 bidentates to this 
particular resolving unit has been observed previously by our 
group. The five-membered ring containing the asymmetric As and S 
centers has adopted the o configuration in the solid state. This 
has apparently been dictated by the preferred equatorial 
disposition of the bulky phenyl group on the asymmetric arsenic 
center of S absolute configuration. The palladium(2) substituent 
has also taken up an equatorial position on the asymmetric µ-S 
center, which accordingly has the S absolute configuration. The-
orientation of the plane containing Pd(2) with respect to the one 
containing Pd(1) appears from molecular models to have been 
determined by the minimization of repulsive forces between the 
ortho-metalated naphthyl rings. [Similar considerations would lead 
to the assignment of an R absolute configuration to the asymmetric 
µ-S atom in the diastereomeric complexes [R-(R*,R*,R*,R*)]-(68).J 
The distances Pd(1)-Pd(2) (3.726A) and Pd(1)-Cl (3.476A) were not 
considered to be within bonding range. 
..._ 
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Figure 5 Molecular Structure of [S-(S*,S*,R*,R*)]-(68) 
(Crystal structure determined by G.B.Robertson . et al. 
Australian National University) 
w 
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2.2.4 Liberation of Optically Active Ligands From The Internally 
Diastereomeric Complexes 
The liberation of the resolved tertiary arsine from 
[S-(S*,S*,R*,R*)]-(68) was accomplished as shown in Scheme 6. A 
- - - -
dichloromethane solution of the dinuclear complex [S-
(S*,S*,R*,R*)]-(68) was treated with 1.2-ethanediamine under mild 
conditions to give mononuclear [S-(S*,R*)]-(70) and the known salt 
(R)-(71 )33. [The latter was converted into the resolving agent [R-
(R*,R*)]-(51) by treatment with hydrochloric acid using a 
published method33.J The pure diastereomer [S-(S*,R*)]-(70) was 
isolated in 88% yield as yellow needles, [a]D-262° (CH2c1 2), from 
dichloromethane-acetone. Complete displacement of the optically 
active arsine from this complex took place when a dichloromethane 
solution of it was stirred with aqueous potassium cyanide for 
twelve hours. The colorless organic layer contained the optically 
active tertiary arsine as well as the optically active amine of 
the resolving agent. The latter was removed from the mixture by 
extraction into dilute sulfuric acid. Pure (R)-(63), with [a]D 
-16.7° (CH2c1 2) was isolated from the dichloromethane layer by · 
evaporation of the solvent and distilled. The apparent inversion 
that takes place upon liberation of the tertiary arsine is 
consistent with the specification of Cahn et al. for absolute 
configurations. 48 The optical purity of (R)-(63) was confirmed by 
the preparation of trans-[Ni{(-)-( 63) }2]: no evidence of the meso-
diastereomer of the complex could be detected by 1H NMR 
spectroscopy (Chapter 3). 
(R)-(71) 
(soluble in water) 
Scheme 6 
! 1) en 
+ 
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. [a] 0 -16 ·7° (CH2Cl2) 
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In a similar manner, the non-crystalline dinuclear complex 
[R-(R*,R*,R*,R*)]-(68) was converted into partially resolved (S)-
- - - - - . -
(63) of 72% ee. This material was brought to optical purity by 
repeating the resolution procedure with the opposite hand of the 
resolving agent, [S-(R*,R*)]-(51). In this manner, crystalline [R-
(S*,S*,R*,R*)]-(68) ([a]D+283 (CH2c1 2)) was isolated • This 
complex was converted into mononuclear [R-(S*,R*)]-(70) fran which 
optically pure (S)-(63), with [a]D+16.7° (CH2c1 2), was displaced 
as previously described. A pure sample of [R-(~*,R*,R*,R*)]-(68) 
was prepared fran the reaction of optically pure (S)-(63) and [R-
(R*,R*)]-(51): it could not be crystallized. It is noteworthy 
that the optically pure tertiary arsines could be distilled (bp 
84-85 °C, 0.05 mmHg) without loss of activity. 
Although the tertiary phosphine-containing dinuclear complex 
[S-(S*,S*,R*,R*)]-(69) converted into the corresponding 
momonuclear complex [S-(S*,R*)]-(72) upon treatment with 1 ,2-
ethanediamine, the resolved tertiary phosphine could not be 
liberated under any condition tried. 
en 
-
[S-(S*,S*,R*,R*)]-(69) 
- - ~ - - [s-(s•.R•)J-(72) 
- - -
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2.2.5 1H NMR Spectra of the Internally Diastereomeric Complexes 
The 1H NMR spectral data of th~ internally diastereomeric 
complexes [S-(S*,S*,R*,R*)]-(68), [R-(R*,R*,R*,R*)]-(68), [S-
( S * , S * , R * , R * ) ]- ( 6 9 ) , [ S- ( S * , R *) ]- ( 7 0 ) [ R- ( R * , R *) ]- ( 7 0 ) , and [ S-
( S *, R *) ]- (72) in CDC1 3 are summarized in Table 1. The spectrum of 
[S-(S*,S*,R*,R*)]-(68) contains a sharp AsMe singlet at 8 2.18 and 
two doublets were observed at 81 .85 and 1.98 (3JHH=6 Hz) 
corresponding to the CHMe groups of the two resolving units. 
Accordingly, two CHMe signals were observed as quartets at 8 4.25 
and 8 4.39 with the same coupling constant. The four NMe groups 
appeared as sharp singlets at 8 2.81, 2.85, 3.18 and 3.29. The 
spectrum of the diastereomer [R-(R*,R*,R*,R*)]-(68). contained an 
AsMe singlet at 8 1 .93. Two CHMe doublets were observed at 81 .79 
and 2.06 together with two CHMe quartets at 8 4.22 and 8 4.39 
( 3JHH=6Hz). Four NMe singlets were located at 8 2.79, 2.83, 3.06 
a·ncf 3.31. The 1H NMR spectra of the monomeric complexes [S-
(S*,R*)]-(70), [R-(R*,R*)]-(70) and [S-(S*,R*)]-(72) were 
- - -
consistent with the proposed structures (Table 1). 
Apart from 31p coupling, the 1H NMR spectrum of [S-
(S*,S*,R*,R*)]-(69) is similar to that of its arsine analogue, [S-
(S*,S*,R*,R*)]-(68). A characteristic doublet for the PMe group 
was observed at 8 2.32 ( 2JpH=10 Hz). Three of the four NMe groups 
appeared as singlets at 8 2.83, 2.87 and 3.12. The remaining NMe 
signal appeared as a doublet at 8 3.31 (JpH=3 Hz) due to coupling 
to the trans phosphorus atom. As a consequence of this the 
resonances for the two CHMe groups were observed as a complicated 
multiplet. 
.... 
Table 1 1H NMR Data for the Diastereoisomeric Complexesa 
Complex oCMeb oEMe oCH 2CH 2 
d 
oNMe CHMe oaromatics d 
[S-(S*,S*,R*,R*)]-(68) 1.85(6) 2. 18 2.28-3.10 2.81,2.85 4.25c(6) 7.18-8.55 
- - - - - 1.98(6) 3.18,3.29 4.39c(6) 
[R-(R*,R*,R*,R*)]-(68). 1.79(6) 1 . 9 3 2.23-2.91 2.79,2.83 4.22c(6) 6. 7 8-8. 1 3 
- - - - - 2.06(6) 3.06, 3.31 4. 39 C ( 6) 
[S-(S*,S*,R*,R*)]-(69) 1.84(6) 2.32b(10) 2.40-2.91 2.83,2.87d 4. 29 d 6. 98-8. 1 2 
- - - - - 1.96(6) 3.12,3.31 (3) 
[S-(S*,R*)]-(70) 1.89(6) 1 . 9 2 2.46-2.77 2.88,2.96 4.39c(6) 7.20-7.89 
- - -
[R-(R*,R*)]-(70) 1 .85(6) 1 . 82 2.19-2.77 2.95,2.97 4.04c(6) 7.08-7.95 
- - -
[S-(S*,R*)]-(72) 1.87(6) 2.03b(10) 2.40-2.98 b 2.79,2.91 (4) 4.37d 7.00-7.81 
- - -
a Measured in CDC1 3 , coupling cons tants in Hz (parentheses). b Resonance observed as doublets. 
c Re s onance ob serv e d as quart et s . d Resonanc e ob se rved as multiplets. 
~ 
l\.) 
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2.3 Experimental Section 
2.3.1 General 
Reactions involving air sensitive compounds were performed 
under a positive pressure of argon by use of the Schlenk 
technique. Proton NMR spectra were recorded at 25 °C with use of a 
Jeolco FX 200 spectrometer : chemical shifts are quoted as o 
values relative to internal Me4Si. Optical rotations were measured 
in a 1 dm cell at 20 °C with use of a Perkin Elmer Model 241 
polarimeter. The circular dichroism spectra were recorded at 20 °C 
in methanol with use of a Cary-61 spectropolarimeter. Elemental 
analyses were performed by staff within the School. 
The resolving agent, di-µ-chlorobis[(R)-1-[1-(dimethylamino)-
ethyl]naphthyl-C2 ,N]dipalladium(II), [R-(R*,R*)]-(51) and its 
enantiomer were prepared by the literature method.33 
2.3.2 Preparation of Ligands 
(±)-(2-Mercaptoethyl)methylphenylarsine, (±)-( 63) . A 
-------------------------------------------------
solution of Na[AsMePh] in tetrahydrofuran was prepared from 
methylphenylarsine (34.2g) and sodium (5g). On c om pletion of the 
reaction the excess Bodium was filtered off and the arsenide 
solution was cooled to -78 °C and a solution of ethylene sul f i de 
(12.2g) in tetrahydrofuran (50mL) was added. The reaction mi xture 
was allowed to warm to room temperature and -then it was stirred 
for a further 20h. At this stage the solvent was removed by 
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distillation and the residue was treated with a solution of 
ammonium chloride (11g) in water (400 mL). The product was 
extracted into dichloromethane, dried (MgS04), filtered, and the 
solvent removed. Distillation of the crude product gave pure(±)-
(63) as an foul smelling colorless oil with bp 84-85 °C (0.05 
mmHg), 37~6g (81%). Anal. Calcd for C9H13AsS: C,47.4; H,5.7. 
Found: C,47~4; H,5~8. 1H NMR (CDC1 3) c51.18 (s, 3, AsMe), 1.49 (t, 
1, 3JHH = 7.3 Hz, SH), 1.89-2.00 (m, 2, AsCH2), 2.50-2.63 (m, 2, 
SCH2), 7.27-7.48 (m, 5, aromatics). 
(±)-(2-Mercaptoethyl)methylphenylphosphine,(±)-(64) This 
compound was prepared in much the same way as its arsine analogue 
(±)-(46). Methylphenylphosphine (9.9g) was reduced by sodium 
(foil, 2.7g) in dry deoxygenated tetrahydrofuran (200 mL). After 
2h of stirring, the reaction mixture was heated under reflux for 
30 minutes and then filtered to remove the excess sodium. A 
solution of ethylene sulfide (4.8g) in tetrahydrofuran (50 mL) was 
then added dropwise to this Na[PMePh] solution at -78 °C. The work 
up at this point followed the procedure outlined for (±)-(46). The 
product was obtained as a colorless evil smelling oil with bp 80-
81 °C (0.03 mmHg), 10.4g (71%). Anal. Calcd for c9H13Ps: C,58.7; 
. . 
H,7.1. Found C,58.9; H,6.9. 1H NMR (CDC1 3) cS 1.31 (d, 3, 2JPH = 
3.4 Hz, PMe), 1.58 (d of t, 1, 3JHH = 7 .6Hz, 4JPH = 1 .2Hz, SH), 
1.88-2.09 (m, 2, PCH2 ), 2.41-2.60 (m, 2, SCH2 ), 7.28-8.15 (m, 5, 
aroma ti cs) • 
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2.3.3 Rearrangement of (2-Mercaptoethyl)methylphenylphosphine, 
(+)-(64) 
A freshly prepared sample of (±)-(64) (2g) was kept in a 
Schlenk tube at room temperature under ordinary room lighting 
conditions. After 14 days the following compounds were separated 
from the reaction fl ask by distillation: ( ±)- ( 2-Mercaptoethyl )-
methylphenylphosphi ne, (±)-(64), 0.2g (10% yield), bp. 80-81 °C 
(0.03 mmHg); ethylmethylphenylphosphine sulfide, (65), 0.4g (20%), 
bp. 110-112 °C(6.03 mmHg), 0.4g (20%). Anal. Calcd for c9H13Ps: 
C, 58. 7; H, 7. 1 • Found C, 58. 6; H, 6. 9. 1 H NMR ( CD Cl 3) o 1 . 1 3 ( d of t, 
3, 3JHH = 7.3 Hz, 3JPH = 20.3 Hz,CMe), 1.95 (ct, 3, 2JPH = 12.8 Hz, 
PMe), 2.06-2.23 (m, 2, CH 2), 7.46-7.98 (m, 5, aranatics); 
ethylmethylphenylphosphine, (66), 0.6g (30%), bp. 38-40 °C (0.03 
mmHg), 0.6g (30%). Anal~ Calcd for c9H13P: C, 71 .O; H,8.6. Found 
C,70.8; H,8.6. 1H NMR (CDC1 3) o 0.99 (d oft, 3, 3JHH = 7.8 Hz, 
3JPH = 15 Hz, CMe), 1.27 (ct, 3, 2JPH = 2.9 Hz, PMe), 1.48-1.78 (m, 
2, CH2), 7.25-7.50 (m, 5, aranatics); (2-mercaptoethyl)-
methylphenylphosphine sulfide, (67), 0.2g (10%), bp. 137-140 °C 
(0.03 mmHg), 0.2g (10%). Anal. Calcd for c9H13Ps2 : C,50.0; H,6.1. 
Found C,50.2;H,6.3. 1H NMR (CDC1 3) o 1.74 (t, 1, 3JHH = 7.6 Hz, 
SH), 1.99 (d, 3, 2JPH = 12.9 Hz, PMe), 2.24-3.00 (m, 5, CH3CH2), 
6.42-6.95 (m, 5, aromatics). 
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2.3.4 Resolution of Ligands 
Resolution of (±)-(63). Isolation of [S-(S*,S*,R*,R*)]-(68) 
A mixture of (±)-(63) (5.1g), [R-(R*,R*)]-(51) (17.1g), and 
triethylamine (15 mL) in dichloromethane (300 mL) was stirred 
until all of the resolving agent had dissolved. The yellow 
solution was washed with water (to remove [Et3NH]Cl) and the 
organic phase was separated, dried (MgS04) and filtered. After 
removal of solvent the diastereomeric mixture was dissolved in 
dichloromethane (150 mL) and diluted with acetone (50 mL). The 
solution was concentrated to ca. 100 mL on the steam bath, 
whereupon large yellow prisms of [S-(S*,S*,R*,R*)]-(68) formed 
(8.8g, 84.7%) [a]D-283.0° (c 1.0, CH 2c1 2) and mp 185-187 °C. Anal. 
. . 
Calcd for C3 7.6 7H4 5_34AsC1 2• 34N2Pd 2S: C,48.7; H,4.9; N,3.0. Found: 
C,48.6; H,5.0; N,2.9. 1H NMR (CDC1 3) o 1.85 (d, 3, 3JHH = 6.1 Hz, 
- . - -
CHMe), 1 .98 (d, 3, 3JHH = 6.1 Hz, CHMe), 2.18 (s, 3, AsMe), 2.28-
3.10 (m, 4, CH2CH2), 2.81 (s, 3, NMe), 2.85 (s, 3, NMe), 3.18 (s, 
3, NMe), 3.29(s, 3, NMe), 4.25 (q, 1, 3JHH = 6.3 Hz, CHMe), 4.39 
(q, 1, 3JHH = 6.3 Hz, CHMe), 5.28 (s, 1.34, CH 2Cl 2), 7.18-8.15 (m, 
17, aromatics). The mother liquor, which contained primarily [R-
(R*, ·R *,R*,R*)]-(68), was retained for future use. 
[SP-4-3J-[(R)-1-[1-(Dimethylamino)ethyl]naphthyl-C 2 ,N][(S)-2-
- - - - -
-------------------------------------------------------------
(methylphenylarsino)ethiolato]palladium(II), [S-(S*,R*)]-(70). A 
-------------------------------------------------------------
solution of [S-(S*,S*,R*,R*)]-(68) (6.0g) in dichloranethane 
(100mL) was stirred for 1h with 1 ,2-ethanediamine (5 mL) in water 
(100 mL). The organic phase was separated, washed several times 
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with wat er, dried over MgS04 and filtered. A yellow gl ass rem ained 
after removal of solvent. This was dissolved in dichloranethane 
(40 mL), and the solution concentrated to ca. 20 mL to yield the 
pure compound as yellow crystals: mp 194-196 °C dee; 3.02g (88 %); 
[a] 0-262.4° (c 0.99, CH 2c1 2). Anal. Calcd for c23H23AsNPdS: 
- . 
C, 51 • 9; H, 5. 3; N, 2. 6. Found: C, 51 . 8; H, 5. 4; N, 2. 7. 1 H NMR ( CD Cl 3) 
61 .89 (d, 3; 3JHH = 6.3 Hz, CHMe), 1.92 (s, 3, AsMe), 2.46-2.77 
(m, 4, AsCH2CH2), 2.88 (s, 3, NMe), 2.96 (s, 3, NMe), 4.39 (q, 1, 
3JHH = 6.35 Hz, CHMe), 7.20-7.89 (m, 11, aranatics). 
[SP-4-2]-[(R)-1-[1-(Dimethylamino)ethyl]naphthyl-C 2 ,N]-
--------------------------------------------------------
[1 ,2-ethanediamino]palladium(II) chloride, (R)-(71 ). The 
colorless aqueous fraction from the above reaction was taken to 
dryness. and the residue recrystallized from acetone to give pure 
(R)-(70) as white needles: mp 225-226 °C dee; 2.4g (93%); [aJ 0 
-98.2° (c 0.97, H20). Anal. Calcd for c13H24ClN3Pd: C,48.0; H, 6.0; 
. . 
N, 1 0. 5. Found: C, 48. 2; H, 6. 3; N, 10. 7. 1 H NMR ( D2o) o 1 . 7 8 ( d, 3, 
3JHH = 6.35 Hz, CHMe), 2.66-2.99 (m, 4, CH2CH2), 2.76 (s, 3, NMe), 
2.78 (s, 3, NMe), 4.40 (q, 1, 3JHH = 6.35 Hz, CHMe), 7.10-7.99 (m, 
6, aroma ti cs). 
(R)-( 2- Mercaptoethyl)methylphenylarsine, (R)-( 63). A 
-------------------------------------------------
solution of [S-(S*,R*)]-(70) (7.2g) in dichloranethane (400 mL) 
was stirred for 12h in the presence of a solution of KCN (4 0g ) i n 
water (100 mL). The colorless organic laye r was separated , washed 
thoroughly with water, and 1M H2s 04 (to r emove the (R)-dimethyl[ 1-
(1-ethyl)naphthyl]amine) and water, and then dried (MgS04), 
filtered and solvent r emoved. Dis t illation yielded pure (R)-( 63 ) 
as a colorless oil: bp 84-85 °C (0.05 mmHg); 3.4g(92%); [a] 0- 16.7° 
48 
corresponding racemic material. The circular dichroism spectrum of 
the compound in methanol exhibited a negative maximum at 209 run , 
- 1 - 1 
~E = 16750 Lmol cm . 
max 
(S)-(2-Mercaptoethyl)methylphenylarsine, (S)-(63). The 
mother liquor from the resolution of (±)-(63) was treated 
consecutively with 1 , 2-ethanediamine and potassium cyanide (as 
described above but without isolation of [R-(R*,R*)]-(70)). The 
tertiary arsine that was obtained had [a]n+12° (c 5.0, CH2c1 2) 
corresponding to 72%ee. This material was brought to optical 
purity by reacting it with the calculated quantity of [S-(R*,R*)]-
(51) and isolating pure [R-(S*,S*,R*,R*)]-(68)•0.67 CH2c1 2 with 
[a]D+283° (c 1.0, CH 2c1 2). Optically pure (S)-(63), [aJn+16.7° (c 
5.0, CH 2c1 2), was subsequently obtained from this complex by the 
us ual route. The circular dichroism spectrum of the compound in 
methanol exhibited a positive maximum at 209 nm, ~E = 16750 Lmol- 1cm- 1 . 
max 
Epimer [R-(R*,R*,R*,R*)]-(68) was prepared from [R-(R*,R*)-
(51) and (S)-(63), but it could not induced to crystallize over a 
wide range of conditions although :H NMR spectroscopy indicated 
that it was pure. The yellow glass obtained had [a Jn- 47 (c 1 .0, 
CH2Cl2). 1H NMR (CDC1 3) 01.79 (d, 3, 3JHH = 6.1 Hz, CHMe), 1.93 
(s, 3, AsMe), 2. 06 (d , 3, 3JHH = 6.1 Hz, CHMe), 2 .23- 2 .9 1 (m , 4 , 
CH2CH2) , 2. 79 ( s, 3, NMe), 2. 83 ( s, 3, NMe), 3. 06 ( s, 3, NMe), 
3. 31 ( s, 3, NMe), 4 . 22 ( q, 1 , 3J HH = 6 . 3 Hz, CHMe ), 4. 39 ( q, 1 , 
3JHH = 6.3 Hz, CHMe), 6.7 8- 8.13 (m, 17, aromatics). Monomer [R-
(R*,R*)]-(70) of high purity would not crystallize either. The 
yellow glass had [aJn-11 (c 1.0, CH 2c1 2). 1H NMR (CDC1 3) o 1 .82 
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(s, 3, AsMe), 1. 85 (d, 3, 3JHH = 6.2 Hz, CHMe), 2 .19- 2.77 (m, 4, 
CH 2CH2), 2.95 (s, 3, NMe), 2.97 (s, 3, NMe), 4. 40 ( q , 1 , 3JHH = 
6. 4 Hz, CH Me) , 7. 08-7. 95 ( m, 11 , arom atics) . 
Resolution of (±)-(64) Isolation of [S-(S*,S*,R*,R*)]-(69). 
----------------------------------------------------------
The phosphine ligand was resolved in the same way as its 
arsine analogue. A mixture of epimeric palladium(II) complexes was 
obtained by reacting (±)-(64) (5.0g) with [R-(R*,R*)]-(51) (2 0.8g) 
in dichloromethane in the presence of triethylamine (17mL). The 
less soluble diastereomer [S-(S*,S*,R*,R*)]-(69) was isolated from 
the dichloromethane-acetone mixture as large pale yellow prisms 
with [a] 0-246.7 (c 1.0, CH 2c1 2); mp 208-209 °C 10.4g (83.9 %). 
Anal. Calcd for C38H46N2Cl3PPd2S: C,50.0; H,5.1; N,3.1; P,3.4; 
S,3.5. Found C,50.3; H,5.2; N,2.9; P,3.4; S,3.4. 1H NMR (CDC1 3) 
o 1 • 8 4 ( d, 3, 3 J HH = 6. 1 Hz, CH Me) , 1 • 96 ( d, 3, 3 J HH = 6. 1 Hz , 
CHMe), 2.32 (d, 3, 2JPH = 10.3 Hz, PMe), 2.40-2.91 (m, 4, 
PCH2CH2), 2.83 (s, 3, NMe), 3.12 (s, 3, NMe), 3.31 (d, 3 , JpH = 
3.2 Hz, NMe), 4.17-4.42 (m, 2, CHMe), 5.27 (s, 2 , CH 2c1 2) , 6 . 98 -
8.12 (m, 17, aromatics). 
[SP-4-4]-[(R)-1-[1-(Dimethylamino)ethyl]naphthyl-C 2 ,N][(S)-2-
-------------------------------------------------------------
(methylphenylphosphino)ethanethiolato]palladium(II), [S-(S*,R*)]-
-----------------------------------------------------------------
(72). This compound was prepared in the same way as its arsine 
analogue [S-(S*,R*)]-(70). Treatment of a dichlor anethane 
solution of [S-(S*,S*,R*,R*) ]-(69) with 1,2-di aminoe t hane ga ve t he 
mo nonucl ear pr oduct which crystalli zed as yel l ow needles [aJ 0- 232 
(c 1 .0,CH2Cl2) mp 189-191 °C. Anal. Calcd f or c 23 H28NPPdS : C, 56 . 7 ; 
H,5.8. Found C,56.4; H,5.5. 1H NMR (CDC1 3) .o 1. 87 (d, 3 , 3J HH = 
6.4 Hz, CH Me), 2.03 (d, 3 , 2J PH = 9 . 5 Hz, PMe), 2 . 40- 2 . 98 (m, 4 , 
50 
PCH 2cH 2 ), 2.79 (s, 3, NMe), 2.91 (d, 3, JpH = 4Hz, NMe), 4.30-4.43 
(m, 1, CHMe), 7.00-7.81 (m, 11, arcmatics). 
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CHAPTER 3 
Diastereomerism in Square-Planar Complexes of Bivalent Nickel, 
Palladium, and Platinum Containing Deprotonated Chiral 
2-Mercaptoethyl Substituted Tertiary Arsines and Phosphines 
3.1 Introduction 
The reactions of chelating deprotonated mercaptoalkyl 
phosphines with transition metal salts derived from elements of 
the cobalt and nickel triads have been extensively studied over 
many years by the groups of Schwarzenbach6 and Issleib, 43 although 
only work from the latter source appears to have been reported in 
detail. Tertiary arsine analogues are also long known, 50 and 
they, along with the phosphines, have been shown to have a rich 
coordination chemistry. The ligands are powerful sequesterers of 
bi- and tri-valent metal ions, giving neutral complexes that 
contain terminal thiolato donors. Such sulfur atoms retain a 
considerable nucleophilicity, as demonstrated by their ready 
alkylation6 , 43,50 and propensity for bridging to other metal 
centers. 44 ,5 1 
Neutral square-planar complexes of the type [M(ES) 2 ] were 
generally prepared by reacting the appropriate ligand with a 
suitable metal salt in the presence of base. The assignment of the 
M2 + + 2(ESH) base_. [M(ES) 2] 
stereochemistry in these complexes, however, is complicated by 
diastereomerism with respect to the relatiye arrangement of the 
pair of like donor atoms of unsymmetrical chelate rings, and the 
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relative absolute configurations of the asymmetric phosphorus or 
arsenic donor atoms (if present). Although trans configurations 
had been assigned to these complexes in earlier work on the basis 
of limited NMR evidence, stereochemical considerations in general 
have not been examined in detail. 
In this work the racemic and optically active forms of the 
asymmetric bidentate (±)-(2-mercaptoethyl)methylphenylarsine, (±)-
AsSH, and the racemic form of the corresponding tertiary 
phosphine, (±)-PSH, have been used to prepare a series of square-
planar complexes- of the type [M(AsS) 2 ] and [M(PS) 2 ] for M = Ni, 
Pd, or Pt. The stereochemistry and dynamic behaviour of these bis-
chelates in solution has been investigated using both 1 H and 31 P 
NMR spectroscopy in an effort to understand the importance of 
stereoelectronic effects in these systems. 
The preparation of the complex (±)-bis[2-(methylphenyl-
phosphino)ethanethiolato]nickel(II) and its palladium(II) analogue 
have been reported previously, although spectroscopic details do 
not appear to have been published. 6 
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3.2 Results and Discussion 
3.2.1 Stereochemical Considerations. Square-planar complexes 
------------------------------
containing two equivalents of deprotonated (±)-2-
(mercaptoethyl)methylphenylarsine or its phosphorus analogue, 
exhibit diastereomerism from two sources: (1), the relative 
arrangement of the like pairs of donor atoms results in cis-trans 
isomerism (electronic contribution) and (2), the relative 
arrangement of the absolute configurations of the asymmetric 
phosphorus or arsenic donor centers in each of the cis and trans 
diastereomers leads to racemic-meso diastereomerism (steric 
contribution). !hus, metal chelates of this type may exist as 
mixtures of up to four diastereomers: racemic-cis, racemic-trans, 
meso- cis and meso-trans (Figure 6). Bidentates that give rise to 
this situation have C1 symmetry and are accordingly classified as 
asymmetric bidentates. A study of the proportions of the various 
diastereomers present for a particular metal under a given set of 
conditions will therefore provide an estimate of the importance of 
stereoelectronic effects in such systems. For labile complexes 
the presence or absence of particular diastereomers may be 
diagnostic of the nature of the reaction. Thus, cis-trans 
isomerism may be either intra- or intermolecular in nature, but 
racemic-meso interconversion is necessarily an intermolecular 
process: it is a measure of the extent of ligand redistribution 
in a particular system and ipso facto is a measure of the metal-
ligand bond strength. It is believed that this type of 
information is crucial to the rational development of metal-
assisted organic reactions, such as ligand based coupling 
reactions or asymmetric syntheses involving coordinated 
substrates.52 ,53 
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S-(R*,R*) R-(R*,R*) (R*,s*) 
C2 c, 
Figure 6 Diastereorners of square-planar complexes of the type 
[M(SCH 2 CH 2 EMePh) 2 ]. The phenyl groups on each of the 
asymmetric phosphorus or arsenic centers (E) have been 
omitted for clarity. 
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General Strategy. Bis(bidentate) derivatives of all three 
----------------~ 
metals wer e prepared fran the optically active and racemic forms 
of the tertiary arsine, and from the racemic form of the 
corresponding phosphine. The cis and trans diastereomers of each 
complex containing the phosphine were readily ident ified by 1H and 
31 P NMR spectroscopy. In cis complexes of this type the PMe 
resonance appears as a doublet ( 2 Jpp == O Hz) or as a "filled-in" 
doublet (0 < 2 Jpp, << l 2 JpH + 4 Jp,HI ), but in trans complexes, the 
PMe groups are usually observed as deceptively simple triplets, 
due to virtual coupling between the trans phosphorus nuclei ( 2 Jpp, 
>> l 2 JPH + 4 Jp,~I ). 54 Additionally, the value of 1 JPtP is 
diagnostic of geometry in platinum complexes. 55 In the present 
series of complexes cis diastereomers were found to exhibit PMe or 
AsMe chemical shifts upfield of those of the corresponding trans 
diastereomers. The identification of racemic and meso 
diastereomers was achieved by comparing the NMR spectra of 
complexes derived from both the optically active and racemic forms 
of the tertiary arsine ligand. (Racemic diastereomers usually 
have identical NMR spectra in achiral solvents to the 
corresponding optically active species.) In the present system, 
the shielding by phenyl groups of neighbouring methyl groups was 
of considerable assistance in making the structural assignments. 
Thus, it is evident from Figure 6 that the methyl groups of the 
cis-[S-(R*,R*)] diastereomer will be shielded relative to those of 
the corresponding t~ans-[S-(R*,R*)] diastereomer, and from this 
factor alone, it is clear that the racemic-cis diastereomer will 
have the EMe 1 H NMR chemical shift value to highest field in an 
optically inactive mixture of the four diastereomers. The 
ordering of chemical shifts in trans diastereomers cannot be 
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predicted as simply, however, it was found in the present series 
of compounds that the racemic-trans diastereomer EMe resonance 
occurred upfield of the signal of the corresponding meso-trans 
diastereomer. The ordering of EMe chemical shifts for the four 
diastereomers was thus: racemic-cis (highest field), meso-cis, 
racemic-trans, meso-trans. 
As intimated previously, the ease with which diastereomers 
interconvert may reflect either internal or external stability of 
the metal-ligand interaction, or both. Thus, for a particular 
complex, if intermolecular racemic - meso interconversion can be 
shown to be slow on the NMR time scale, the observation of rapid 
cis-trans isomerization in the corresponding optically active 
complex under the same conditions implies that the latter process 
is intramolecular. Ideally, therefore, all diastereomers of a 
particular complex should be isolated and separately studied in 
stability studies of this type. It is worth noting, however, that 
it is often more convenient to prepare the racemic form of a 
particular diastereomer by mixing together equal amounts of the 
corresponding pure enantiomers than by physically separating a 
racemic-meso mixture. 
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3.2.2 Metal Complexes. Nickel(II) Derivatives. The neutral 
bivalent nickel derivatives were prepared by adding a solution of 
[Ni(H 2 0) 6 ](N0 3 ) 2 in methanol to a solution containing two 
equivalents of the appropriate form of the ligand in the same 
solvent in the presence of base (sodium hydroxide, 2 equiv.). The 
products precipitated from the reaction mixtures as brightly 
colored air-stable solids. Selected 1 H NMR data for the 
recrystallized products [Ni(PS) 2 ] or [Ni(AsS) 2 ] are given in 
Table 2~ 
As shown in Figure 7, the 1 H NMR spectrum of a freshly 
prepared sample of the tertiary phosphine complex, (±)-[Ni(PS) 2 ], 
exhibited a sharp 1 :2:1 PMe triplet in CDC1 3 centered at o 1 .77 
(JPH = 7.3 Hz), which indicated a single diastereomer of trans 
stereochemistry. After ca. 12 h, however, the same solution was 
found to exhibit an additional 1 :2:1 PMe triplet at o 1 .81 with 
JpH = 7.3 Hz. At equilibrium (t1; 2 ca. 12 h), both peaks were of 
equal intensity. The 31 P NMR spectra were consistent with these 
results. A freshly prepared sample of the complex in CDC1 3 gave a 
singlet at 6 55.8 in the 31 P NMR spectrum, with an additional 
singlet of equal intensity at 6 55.1 being present at equilibrium. 
When a solution of the mixture at equilibrium was taken to 
dryness, the residue was shown to consist of a 1 :1 mixture of the 
two trans complexes, - although recrystallization of the mixture 
always ended in the preferential crystallization of the original 
single trans diastereomer. The identification of this trans 
diastereomer was achieved by analysing the 1-H NMR spectra of the 
Table 2 Thermodynamic Populations (in parenthesis) and o (EMe) of Diastereomers of [M(PS) 2 ] and [M(AsS) 2 ] in CDC1 3 at 25°c 
compd 
(±)-[Ni(PS) 2 ] 
(±)-[Ni(AsS) 2 ] 
(+)-[Ni(AsS) 2 ] 
(±)-[Pd)PS) 2 ] 
(±)-[Pd(AsS) 2 ] 
( + )-[Pd(AsS) 2 ]' 
(±)-[Pt(PS) 2 ] 
racemic-cis 
1.19 ct (26%) 
J PH = 8 .8 Hz 
1 • 27 s ( 11 % ) 
1.27 s (20%) 
1.30 d (100%)c 
JPH = 9.8 Hz 
JPtH = 29.4 Hz 
diastereomera 
meso-cis 
1 • 71 ct ( 1 3%) 
JPH = 8.4 Hz 
1.71 s (5%) 
1.84 ct (100%)d 
JPH = 9.5 Hz 
J PtH = 29 . 3 Hz 
racemic-trans 
1.77 t (50%) 
b JPH = 7.3 Hz-
1.73 s (50%) 
1.73 s (100%) 
1.84 t (30.5%) 
JPH = 6. 3 Hz 
1.80 s (42%) 
1.80 s (80%) 
meso-trans 
1 .81 t (50%) 
JPH = 7.3 Hz 
1.76 s (50%) 
1.87 t (30.5%) 
JPH = 6.3 Hz 
1.82 s (42%) 
u, 
OJ 
Iii.. 
Table 2 continued 
compd racemic-cis meso-cis racemic-trans meso-trans 
(±)-[Pt(AsS) 2 ] 1.35 s (61%) 1.82 s (23%) 1.87 s (8%) 1 .89 s (8%) 
JPtH = 17.3 Hz JPtH = 18.0 Hz JPtH = 20.0 Hz JPtH = 20.2 Hz 
(+)-[Pt(AsS) 2 ] 1.35 s (83%) 1.87 s(17%) 
JPtH = 17 .3 Hz JPtH = 20.0 Hz 
a 1 H NMR spectra chemical shift val ues of EMe in ppm, relative to internal Me 4 Si for ca. 0.05 M solutions. 
~JP'HI· c Isolated kinetically stable product. ct Not isolated. 
b 12 JPH = JPH + 
lJl 
I.D 
60 
b a 
(i) (ii) 
(after 12 h) b a 
-~~ 
(±) 
a 
a 
(0 h) 
( +) 
I I I I I I I I I I I I''' I I I I I I I I I I I I I I I I I I 'I ' I ' ' ' ' I ' I I I I ' ' ' ' I ' ' I I I ' I ' I I I ' I I ' ' • 
3 2 1 J 2 1 
Figure 7 1 H NMR spectra and EMe assignments of i) trans-[Ni(PS) 2 ] and ii) 
trans-[Ni(AsS) 2 ] in CDC1 3 (aliphatic region) (a~ racemic-t rans ; 
be: meso-trans-). 
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corresponding tertiary arsine derivatives, for which both racemic 
and optically active forms of the ligand were available. Thus, 
(R)-AsSH produced an optically pure complex that gave a single 
sharp AsMe resonance at 6 1.73 in CDC1 3 , whereas racemic (±)-AsSH 
gave a product showing a pair of AsMe resonances of equal 
intensity at 6 1.73 and 6 1 .76 (Figure 7). Because of the 
similarity of the chemical shifts of the AsMe signals to the PMe 
signal of the trans phosphine complex, both arsine complexes were 
considered to possess the trans stereochemistry. Furthermore, 
since the product from (R)-AsSH exhibited the signal to higher 
field, the initial product from the phosphine reaction was 
believed to be the corresponding racemic-trans diastereomer. 
The crystallization in 82% yield of the racemic-trans 
diastereomer from an equilibrium 1 :1 mixture of it and the 
corresponding mesa-trans compound corresponds to an asymmetric 
transformation of the second kind: the conversion of the pure 
racemic-trans into an equimolar mixture of this and the 
corresponding mesa-trans diastereomer at equilibrium is an 
asymmetric transformation of the first kind. Interestingly, the 
corresponding crystalline tertiary arsine compound, that is, the 
product from the reaction of Ni 2 + with (±)-AsSH, was also shown to 
be the racemic-trans diastereomer. Thus, when a sample of 
[Ni(AsS) 2 ] was dissolved in dichloromethane-d 2 at -78 °C, only the 
AsMe signal at 6 1 .69 was observed. Warming of this solution to 
25 °C resulted in the appearance of a new signal of equal 
intensity at 6 1 .72: recooling of the sample to -78 °C did not 
alter the equilibrium 1 :1 ratio of trans diastereomers (Figure 8). 
Consistent with this rapid rearrangement between the racemic and 
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mesa diastereomers of the complex [Ni(AsS) 2 ], equilibrium 
concentrations of the mesa diastereomer resulted within the time 
of mixing of equal quantities of the pure enantiomorphic optically 
active complexes in CDC1 3 at 25 °C. 
The stereospecificity of coordination of the As and S donors 
to nickel(II) to give trans complexes, together with the ready 
attainment of a 1 :1 racemic:meso equilibrium by asymmetric 
transformations, makes such complexes ideal for the determination 
of optical purities of ligands of this type. It should be noted, 
however, that if this method is to be used it must first be 
established with use of the racemic form of the ligand that the 
mesa diastereomer of the bis(bidentate) canplex is 
thermodynamically stable in the solvent chosen as intermolecular 
asymmetric transformations of this type often show a marked 
solvent dependence.33 
' ' .. I 
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b 
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2s0 c 
-7 8°C 
Figure 8 Variable temperature 1 H NMR spectra of [Ni(AsS) 2 ] in CD 2 Cl 2 with 
AsMe resonances identified (aliphatic region) (ac racemic-trans; 
b= mesa-trans- and X= water impurity in solvent). 
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3.2.3 Palladiurn(II) Derivatives. Ligand (±)-PSH reacted with 
--------------------------
[Pd(MeCN) 4 ](N0 3 ) 2 56 in the presence of triethylamine in 
acetonitrile to give a yellow product that exhibits four PMe 
resonances in the 1 H NMR spectrum in CDC1 3 due to the four 
possible diastereomers of the neutral bis(bidentate) complex: two 
doublets centered at o 1 . 19 and o 1 . 71 ( ci s di as tereomers), and 
two triplets at o 1.84 and o 1 .87 (trans diastereomers). (Figure 
9) The intensities of the peaks, respectively 6:3:7:7, did not 
alter over a 48 h period. Extraction of the original mixture with 
neat methanol yielded an interesting result. The residue, after a 
recrystallization from dichloromethane-methanol mixture, was shown 
to be the pure high field yellow racemic-cis diastereomer (o 1 .19, 
d, PMe); while the methanol extract, after concentration, yielded 
a crop of the more deeply colored high field racemic-trans 
diastereomer (o 1 .8 4, t, PMe). Redistribution of the bidentates 
was found to be relatively slow for each of the isolated 
diastereomers: both isolated diastereomers required 48 h to reach 
the 6:3:7:7 equilibrium situation. At this stage the analogous 
tertiary arsine complexes were prepared in order to determine the 
racemic-meso shielding order in the cis and trans diastereomers. 
The derivatives of (S)- or (R)-AsSH, and of (±)-AsSH, were 
- -
prepared by adding lithium tetrachloropalladate in methanol to a 
solution of the appropriate form of the ligand in the same solvent 
with added NaOH. ThB 1 H NMR spectrum of the orange precipitate 
obtained from (±)-AsSH in CDC1 3 contained four AsMe singlets at o 
1.27, 1.71, 1.80 and 1.82 in the ratio of 2:1 :8:8 (Figure 9). The 
spectrum of the corresponding optically acttve complex under the 
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(ii) 
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Figure 9 1 H NMR spectra and EMe assignments of 1) (+)-[Pd(AsS) 2 ], 11) 
(±)-[Pd(AsS) 2 ] and iii) (±)-[Pd(PS) 2 ] in CDC1 3 (aliphatic 
region) (a• racemic-cis; b= meso-cis; c• racemic-trans and d• 
meso-trans). - -
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same conditions exhibited two AsMe singlets at o 1 .27 and o 1 .80 
in the ratio of 1 :4 ( Figure 9). The peaks at o 1. 71 and o 1 .82 in 
the optically inactive mixture were thus due to the two mesa 
diastereomers. With the knowledge fran the corresponding 
phosphine complexes that the PMe resonances of cis diastereomers 
occur upfield of those of the corresponding trans diastereomers it 
was then possible to assign the methyl resonances of the four 
diastereomers in both sets of compounds. The assignments are given 
in Table 2 . 
Intermolecular rearrangement between the diastereomers of the 
complex [Pd(AsS) 2 ] is facile at 25 °C. Indeed, equilibrium 
concentrations of the mesa diastereomers (cis and trans) of the 
complex were evident within the time of mixing of equal amounts of 
the pure enantiomorphic optically active complexes in CDC1 3 at . 25 
°C. We were able to show subsequently, however, that the yellow 
needles obtained from the crystallization of the optically active 
material, (+)-[Pd(AsS) 2 ], were those of the pure cis diastereomer. 
Thus, when a sample of the needles was dissolved in CD 2 Cl 2 at -78 
°C, a single AsMe peak at o 1 .26 was observed in the 1 H NMR 
spectrum. As the temperature of the solution was raised a new 
AsMe pe ak at o 1 .80 due to the trans diastereomer emerged. At 25 
°C cis:trans = 7:11 (Figure 10). Recooling of the sample to -60 
°C did not detectably affect the equilibrium ratio. Interestingly, 
recrystallization or the crude inactive complex, (±)-[Pd(AsS) 2 ], 
from dichloromethane-methanol gave only one isomer. Dissolution 
of this material in co2 c1 2 at -78 °C gave a 1 H NMR spectrum whi ch 
exhibited a single AsMe peak at o 1 .86 (Figure 11). This sugges ted 
that it was the corresponding mesa-trans diastereomer. Signals due 
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b 
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b 
Figure 10 Variable temperature 1 H NMR of (+)-[Pd(AsS) 2 ] in CD 2 Cl 2 with 
AsMe resonances identified (aliphatic region) (a~ cis; b= 
trans). 
d C 68 
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Figure 11 Variable temperature 1 H NMR of meso-trans-[Pd(AsS) 2 ] in CD2 Cl 2 
with AsMe resonances identified (aliphatic region) (a= ra cem ic-
cis; b= meso-cis; c= racemic-trans; d= meso-trans and X= water 
impurity in solvent). 
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to the three other possible diastereomers subsequently emerged in 
the spectrum as the temperature was raised. At 25 °C the 
equilibrium racemic-cis:meso-cis:racemic-trans:meso-trans ratio 
was 2:1 :2:2. The equilibrium ratio of diastereomers was not 
altered by recooling the solution to -60 °C. It is interesting to 
note that the structure of a similar orange complex containing 
deprotonated (±)-(2-mercaptoetyl)[2-(methoxymethyl)phenyl]-
methylarsine was shown by X-ray crystallography to be the meso-
trans diastereomer (Chapter 5). 
The solubil·ities of pure yellow (+)-cis-[Pd(AsS) 2 ] and orange 
meso-trans-[Pd(AsS) 2 ] are quite different. Whereas the latter is 
quite soluble in benzene, the former is insoluble. In hot 
benzene, however, yellow (+)-cis-[Pd(AsS) 2 ] with [a] 0 + 323° 
(CH 2 Cl 2 ), dissolved to give an orange solution that was shown by 
1 H NMR spectroscopy to contain only (+)-trans-[Pd(AsS) 2 ], and 
which had an [a] 0 of 334° in this solvent. It was not possible, 
however , to isolate the orange trans complex from the benzene 
solution. In solvents more polar than benzene, both the optically 
active cis and inactive trans diastereomers are soluble, although 
the diastereomeric ratios in the different solvents vary. Thus, 
for the optically active compound the following equilibrium values 
of the cis: trans ratio were found at 25 °C: 0 :1 (benzene-d 6 ), 1 :4 
(CDCl 3 ), 7:11 (CD 2 Cl 2 ), 1:1 (DMSO-d 6 ) and 2:3 (PhN0 2 -d 5 ). 
70 
3.2.4 Platinurn(II) Derivatives. The reaction of (±)-PSH with 
------------------------~ 
K2 PtCl 4 in the presence of base yielded a pale yellow precipitate 
from which pure racemic-cis-[Pt(PS) 2 ] with o PMe of 1.30 was 
recovered in 45% yield by recrystallization of the original 
material from hot ethanol. The mother liquor was subsequently 
shown to contain a mixture of the isolated racemic-cis 
diastereomer (ca. 60%) and the corresponding meso-cis compound 
(ca. 40%) with o PMe 1.84. The latter was not isolated in a pure 
state. The 1 H NMR spectrum of the pure racemic-cis diastereomer 
in CDC1 3 did not change over a 5 days period. 
A similar reaction of (S)- or (R)-AsSH with K2 PtC1 4 produced 
the corresponding optically active arsine complexes, [Pt(AsS) 2 ], 
respectively; both displayed a single sharp AsMe resonance at o 
1.35, which corresponded to the cis diastereomer in each case. 
When (±)-AsSH was used in the reaction the predominant is olable 
product was the racemic-cis species, although a small quantity of 
the meso-cis diastereomer was observed in the mother liquor. No 
evidence of trans diastereomers was found in freshly prepared 
solutions. Unlike the corresponding phosphorus compounds, 
however, the arsenic derivatives show a considerable lability with 
respect to redistribution of ligands. A CDC1 3 solution of the 
optically active cis diastereomer had rearranged after 18 h into a 
5:1 cis:trans equilibrium mixture (Figure 12). The pure racemic-
cis species over a similar period had rearranged into a 
diastereomeric mixture of equilibrium composition racemic-
cis:meso-cis:racemic-trans:meso-trans = 8:3:1 :1. 1 H NMR data for 
the various diastereomers is given in Table -2. 
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(i) a~ (ii) 
b 
C 
X 
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~ 18 h ~ 18 h 
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3 2 , 3 2 , 
Figure 12 Redistribution of i) (±)-[Pt(AsS) 2 ] 2 and ii) (+)-[Pt(AsS) 2 ] 2 in 
CDCl, (a= racemic-cis; b= meso-cis; cc racemic-trans; d= meso-
trans and X= water impurity in solvent). 
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3.3 Experimental Section 
3. 3. 1 General 
The instrumental and experimental techniques were in general 
the same as those detailed in Section 2.3.1. Low temperature and 
31 P NMR spectra were obtained with use of a Bruker CXP-200 
instrument. 
The ligands (±)-(2-mercaptoethyl)methylphenylarsine and(±)-
(2-mercaptoethyl)methylphenylphoshine were prepared as described 
in Section 2.3.2. The tertiary arsine ligand was resolved as 
detailed in Section 2.3.4. 
3.3.2 Syntheses of Metal Complexes 
[SP-4-1-(R*,R*)]-(±)-Bis[2-(methylphenylphoshino)-
ethanethiolato]nickel(II), racemic-trans-[Ni(PS) 2 ], (±)-(73). A 
solution of [Ni(H 2 0) 6 ](N0 3 ) 2 (0.52 g) in methanol (20 mL) was 
slowly added to a solution of (±)-PSH (1.0 g) in Me0H (20 mL) 
containing 1 M Na0H (5 mL). After ca. 30 minutes the deep red 
product was filtered off and was recrystallized from 
dichloromethane-methanol mixture: the pure compound formed claret 
colored needles: mp 198-200 °C [Lit. 199-202°CJ 6 (82%). Anal. 
5 . 7 • 1 H N MR ( CD C 1 3 ) o 1 . 7 7 ( t , 6 , J p H = 7 • 3 Hz , PM e ) , 2 • 0 4- 2 . 7 6 
(m, 8, CH 2 CH 2 ), 7.48-8.05 (m, 10, aromatics); (CDC1 3 , after 48 h ) 
cS 1.77 (t, 3, JPH = 7.3 Hz, PMe), 1.81 (t, 3, JpH = 7.3 Hz, PMe) , 
2.04-2.76 (m, 8, CH 2 CH 2 ), 7.48-8.50 (m, 10, aranatics). 
The following compounds were prepared similarly. 
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[SP-4-1-[R-(~*,R*)]]-(+)-Bis(2-(methylphenylarsino)-
----------------------------------------------------
ethanethiolato]-nickel(II), (+)-trans-[Ni(AsS) 2],(+)-(74): from 
----------------------------------------------------------
1 7 8 ° C , 7 5 % y i el d , [a] D + 4 4 7 ° ( £ 0 • 2 5 , CH 2 C 1 2 ) • 1 H N MR ( CD Cl 3 ) o 
1.73 (s, 6, AsMe), 2.06-2.73 (m, 4, AsCH 2), 2.48-2.71 (s, 4, 
SCH 2), 7.47-7.89 (m, 10, aranatics). The enantiomer (-)-trans-
[Ni(AsS)2], [a]D -448 (c 0.25, CH 2Cl 2), had identical properties 
to the above. 
[SP-4-1-(R*,S*)]-Bis[2-(methylphenylarsino)-
ethanethiolato]nickel(II), racemic-trans-[Ni(AsS) 2] (±)-(74): from 
(±)-AsSH, dark green prisms, mp 165-167 °C, 40% yield. 1 H NMR 
7.49-7.89 (m, 10, aromatics); (CD 2Cl 2, 25 °C) o 1.69 (s, 3, AsMe), 
1.72 (s, 3, AsMe), 21.3-2.74 (m, 8, CH 2CH 2), 7.49-7.84 (m, 10, 
aromatics); (CDC1 3 ) o 1.73 (s, 3, AsMe), 1.76 (s, 3, AsMe), 2.10-
2 • 4 1 ( m , 4 , As CH 2 ) , 2 • 5 1 - 2 • 7 2 ( m , 4 , SCH 2 ) , 7 • 4 7 - 7 • 8 9 ( m , 1 0 , 
aroma ti cs). 
[SP-4-1-(R*,R*) ]-, [SP-4-1-(R*,S*) ]-, [SP-4-2-(R*,R*) ]-, [SP-
-------------------------------------------------------------
4-2-(R*,S*)]-Bis[2-(methylphenylphosphino)ethanethiolato]-
----------------------------------------------------------
palladiurn(II), racemic-trans-, meso-trans-, racemic-cis-, meso-cis-
-------------------------------------------------------------------
[ Pd (PS) 2 ] , ( 75) 
Tetrakis(acetonitrile)palladiurn(II) nitrate was generated in 
acetonitrile (100 mL) from [PdCl 2(MeCN) 2] (0.71 g) and AgN0 3 (0.92 
g) over 5 minutes in the dark. The AgCl was filtered off and the 
filtrate was slowly added to a solution of (±)-PSH (1.0 g) and 
tri ethyl amine ( 0. 8 mL) in the same sol vent (20 mL). After 
stirring the reaction mixture for ca. 30 minutes, the solvent was 
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removed and the yellow residue was dissolved in dichloranethane 
and the solution washed with water and subsequently dried (MgS0 4 ). 
A rapid and total recrystallization of the crude product from 
dichloromethane-methanol mixtur e gave pure [Pd(PS) 2 ], mp 193-200 
°ᯂC, as a mixture of four diastereomers in 86% yield (1.1 g). 
H, 5. 1 . 1 H NMR ( CDCl 3 ): o 1 . 19 ( d, 1 • 56, JPH = 8. 8 Hz, PMe), 
1.71 (d, 0.78, JPH = 8.4 Hz, PMe), 1.84 (t, 2.34, JpH = 6.3 Hz, 
PMe), 1.87 (t, 2.34, JPH = 6.3 Hz, PMe), 2.13-2.97 (m, 8, CH 2 CH 2 ), 
7.40-7.92 (m, 10, aranatics). The 1 H NMR spectrum of the solution 
was unaltered after 48 h. 
[SP-4-2-(R*,R*)]-(±)-Bis[2-(methylphenylphosphino)-
ethanethiolato]pallac;ium(r:n, racemic-cis-[Pd(PS) 2 ] (75a). The 
----------------------------------------------------------
mixture fr om above (1 g) was stirred in methanol (50 mL) for 15 
minutes at room temperature. The undissolved material was 
filt ered off and rapidly recrystallized from dichloranethane-
methanol mixture. After 4 h, the pure racemic-cis diastereomer 
was isolat ed in 16% yield as pale yellow needles with mp 229-230 
4 5. 8 ; H, 5 . 1 . 1 H N MR ( C DCl 3 ) o 1 . 19 ( d , 6 , J pH = 8 . 8 Hz, PMe) , . 
2.13-2.97 (m, 8, CH 2 CH 2 ), 7.4-7.6 (m, 10, aromati cs). The 1 H NMR 
spectrum of this solution after 48 h was identical to that of the 
initial product before fractional crystallization . 
[SP-4-1- ( R *, R*) ]- (±)-Bi . [ 2- (methyl phenyl phosphi no)-
---------------------------------------------------
ethanethiolato]palladium(I I) , racemic-trans-[Pd(PS) 2 ] (75b). The 
------------------------------------------------------------
methanol extract from the above was concentrated on the steam 
bath. After ca. 2 hit yielded 24% of the pure racemic-trans 
75 
diastereomer as yellow needles with mp 193-195 °C. Anal. Calcd 
for C 1 8 H 2 4 P 2 PdS 2 : C, 4 5. 7 ; H, 5. 1 . Faun d: C, 4 5. 8 ; H, 5. 1 . 1 H 
NMR (CDC1 3 ) o 1.84 (t, 6, JPH = 6.3 Hz, PMe), 2.13-2.97 (m, 8, 
CH 2 CH 2 ), 7.40-7.92 (m, 10, aranatics). The 1 H NMR spectrum of the 
solution after 48 h was identical to that of the initial mixture 
before recrystallization. 
[SP-4-1-[R-(R*,R*)]]-(+)-Bis[2-(methylphenylarsino)-
ethanethiolato]palladium(II), (+)-cis-[Pd(AsS) 2 ], (±)-(76). A 
solution of (S)-AsSH (1g) in methanol (10 mL) containing 1 M NaOH 
(5 mL) was treated with a solution of Li 2 [PdC1 4 ] from PdCl 2 (0.4 
g) and LiCl (0.4 g)] in the same solvent (30 mL). After 30 mins, 
the orange precipitate was filt ered off, and washed with water, 
aqueous methanol, and -diethyl ether. The crude product was then 
dissolved in ethanol (30 mL) and the solution was allowed to cool 
slowly whereupon deep yellow needles of the pure (+)-trans 
diastereomer in 85% yield with mp 204-206 °C and [a] 0 +323° (c 
Found : C , 3 8 . 5 ; H , 4 • 3 . 1 H N MR ( CD 2 C 1 2 , - 7 8 ° C ) o 1 . 2 6 ( s , 6 , 
AsMe), 1.90-2.88 (m, 8, CH 2 CH 2 ), 7.01-7.47 (m, 10, aranatics); 
(CD 2 Cl 2 , 25 °C) o 1.26 (s, 2.3, AsMe), 1.80 (s, 3.7, AsMe), 1.9'3-
2.91 (m, 8, CH 2 CH 2 ), 7.01-7.80 (m, 10, aranatics); (CDC1 3 ) o 1.27 
(s, 1.2, AsMe), 1.80 (s, 4.8, AsMe), 2.30-2.89 (m, 4, CH 2 CH 2 ), 
7.37-7.80 (m, 10, aranatics); (benzene-d 6 ) o 1.37 (s, 6, AsMe), 
1.93-2.91 (m, 8, CH 2 CH 2 ), 7.01-7.80 (m, 10, aranatics); (toluene-
d 8 ) o 1 . 3 8 ( s , 6 , A sM e ) , 2 . 0 9- 2 . 9 4 ( m , 8 , CH 2 CH 2 ) , 7 ~ 0 4- 7 . 7 3 ( m , 
10, aromatics); (nitrobenzene-d 5 , 100 °C) o 1.37 (s, 2.0, AsMe), 
1.83 (s, 4.0, AsMe), 2.40-2.96 (m, 8, CH 2 CH 2 -), 7.38-8.17 (m, 10, 
aranatics). The enantiomer (-)-cis-[Pd(AsS) 2 ], [a] 0 -324° (c 1. 0, 
CH 2 Cl 2 ), had identical properties to the above. 
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[SP-4-1-(R*,S*)]-Bis[2-(methylphenylarsino)ethanethiolato]-
-----------------------------------------------------------
palladium(II), meso-trans-[Pd(AsS) 2 ], (±)-(76). This compound 
-----------------------------------------------
was isolated in 44% yield as orange prisms, mp 171-173 °C, with 
38.6; H, 4.3. Found: C, 38.7; H, 4.3. 1 H NMR (CD 2 Cl 2 , -78 °C) o 
1.86 (s, 6, AsMe), 2.32-2.87 (m, 8, CH 2 CH 2 ), 7.30-7.87 (m, 10, 
aromatics); (CD 2 Cl 2 , 25 °C) o 1.26 (s, 1.71, AsMe), 1.73 (s, 0.87, 
AsMe), 1.80 (s, 1.71, AsMe), 1.86 (s, 1.71, AsMe), 2.32-2.87 (m, 
8, AsCH 2 CH 2 ), 7.30-7.87 (m, 10, aranatics); (benzene-d 6 ) o 1.374 
(s, 3, AsMe), 1.-378 (s, 3,AsMe), 1.93-2.91 (m, 8, AsCH 2 CH 2 ), 7.01-
7.80 (m, 10, aromatics); (CDC1 3 ) o 1.27 (s, 0.6, AsMe), 1.71 (s, 
0.3, AsMe), 1.80 (s, 2.55, AsMe), 1.82 (s, 2.55, AsMe), 2.30-2.94 
(m, 4, CH 2 CH 2 ), 7.37-7.83 (m, 10, aranatics). 
[SP-4-1-(R *,R*)]-Bis[ 2-(methylphenylphosphino)-
------------------------------------------------
ethanethiolato]platinum(II), racemic-cis-[Pt(PS) 2 ], (±)-(77). A 
solution of K2 PtC1 4 (1.13 g) in water (15 mL) was slowly added to 
a s olution of (±)-PSH (1.0 g) in ethanol (20 mL) containing 1 M 
NaOH (5 mL). The reaction mixture was stirred for 30 min, 
whereupon the pale yellow precipitate was filtered off and 
recrystallized fran hot ethanol. The pure racemic-cis 
diastereomer was thus isolated as pale yellow needles in 46% yield 
38.5; H, 4.3. Found: C, 38.7; H, 4.4. 1 H NMR (C DC1 3 ) o 1.30 (s, 
6, JPH = 9.8 Hz, 3 JPtH = 29.4 Hz, PMe), 2.07-2.34 (m, 8 , CH 2 CH 2 ), 
7.35-7.56 (m, 10, aranatics). 
The following compounds were prepared s i milarly. 
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[SP-4-2-[R-(R*,R*)]J-(+)-Bis[2-(methylphenylarsino)-
----------------------------------------------------
ethanethiolato]platinum(II), ( +)-cis-[Pt(AsS) 
2
], ( +)-(78): pale 
----------------------------------------------------------
yellow needles, mp 267-269 °C, 94% yield; [a] 0 +368° (£ 1 .o, 
C, 33.4; H, 3.9. 1 H NMR (CDCl 3 ) o 1.35 (s, 6, 3 JPtH = 17.3 Hz, 
AsMe), 2.20-2.60 (m, 8, CH 2 CH 2 ), 6.37-6.59 (m, 10, aranatics); 
( CDC1 3 , after 18 h) o 1 • 35 ( s, 5, 3 JPtH = 17. 3 Hz, AsMe), 1. 87 ( s, 
1, 3 JPtH = 20.0 Hz, AsMe), 2.20-2.62 (m, 8, CH 2 CH 2 ), 6.37-6.79 (m, 
10, aromatics); (nitrobenzene-d 5 ) o 1.69 (s, 6, 3 JPtH = 17.2 Hz, 
AsMe), 2.S4-2.93 (m, 8, CH 2 CH 2 ), 7.59-8.30 (m, 10, aranatics); 
(ni trobenzene-d 5 - , 100 °C) o 1 .69 (s, 5, 3 JPtH = 17. 2 Hz, AsMe), 
2.05 (s, 1, 3 JPtH = 20.5 Hz, AsMe), 2.53-2.87 (m, 8, CH
2
CH
2
), 
-
7.54-8.30 (m, 10, aranatics). (-)-cis-[Pt(AsS)
2
]: [a] 0 -367° (c 
1 .0, CH 2 Cl 2 ), had identical properties to the above. 
[SP-4-2-(R*,R*)J-(±)-Bis[2-(methylphenylarsino)-
----------------------------------~-------------
ethanethiolato]platinum( II), racemic-cis-[Pt(AsS) 
2
], ( ±)-(78): 
-------------------------------------------------------------
pale yellow needles, mp 217-220 °C, 85% yield. Anal. Calcd for 
(CDCl 3 ) o 1.35 (s, 6, 3 JPtH = 17.3 Hz, AsMe), 2.20-2.65 (m, 8, 
CH 2 CH 2 ), 6.37-6.59 (m, 10, aranatics); (CDC1 3 , after 18 h) o 1.35 
(s, 3.6, 3 JPtH = 17.3 Hz, AsMe), 1.82 (s, 1.4, 3 JPtH = 18.o Hz, 
AsMe), 1.87 (s, 0.5, 3 JPtH = 20.0 Hz, AsMe), 1.89 (s, 0.5, 3 JPtH = 
20.2 Hz, AsMe), 2.20-2.68 (m, 8, CH 2 CH 2 ), 7.10-7.85 (m, 10, 
aroma ti cs ) • 
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CHAPTER 4 
Preparation and Resolution of (2-Mercaptoethyl)[2-(methoxymethyl)-
phenyl]methylarsine and (2-Mercaptoethyl)[2-(hydroxymethyl)-
phenyl]methylarsine 
4.1 Introduction 
As outlined in Chapter 1, the general strategy for the 
synthesis of a trans-As 2 S 2 macrocycle involved the preparation of 
a suitable bidentate precursor containing a potentially reactive 
group which could undergo an alkylation reaction with the terminal 
sulfur atom of the neighboring bidentate precursor in the 
template. 
Me'--. 
As S 
c~Mf) 
S As'--
Me 
The template synthesis of a macrocycles containing S donor 
atans normally involves the reaction between a coordinated 
thiolato anion and an alkylating agent containing a good leavi ng 
group such as sulfonate or halide. 1 ,3,S7 Such leaving groups, 
however, may undergo undesirable reactions under the reaction 
conditions commonly employed in the synthesis of tertiary 
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a rs i nes. 9 This can be avoided by having the bidentate precursor 
ligand carry a protecting group which can be selectively converted 
into a good leaving group (in high yield) immediately prior to the 
cyclization step. Ethers are useful in this regard as they are 
comparatively unreactive (under the envisaged reaction 
conditions), but can be readily converted into halides.58 An 
alternative approach is to use a benzyl alcohol that can be 
protected by lithiation3 4 or converted into a halide or 
tosylate. 59 
In this work the bidentate ligands (2-mercaptoethyl)[2-
(methoxymethyl)phenyl]methylarsine and (2-mercaptoethyl)[2-
(hydroxymethyl)phenyl]methylarsine were prepared and resolved. 
[The resolution procedure adopted was similar to that described 
for (2-mercaptoethyl)methylphenylarsine (±)-(63), Chapter 2]. Both 
compounds were considered to be potential macrocycle precursors. 
4.2 Results and Discussion 
4.2.1 Preparation of (±)-(2-Mercaptoethyl)-
[2-(methoxylmethyl)phenyl]methylarsine, (±)-(79) 
80 
The preparation of (±)-(79) is summarized in Scheme 7. The 
starting material, dimethyl[2-(methoxymethyl)phenyl]arsine (80) 
was prepared in tetrahydrofuran from iododimethylarsine and the 
Grignard reagent of o-bromobenzylmethylether. The tertiary arsine 
(80) was obtained as an air-sensitive colorless oil in 88% yield, 
bp. 70-72 °C (o. ·1 mmHg). The 1H NMR spectrum of (80) in CDc1 3 
contained a sharp singlet at 8 1.17 for the AsMe2resonance and an 
OMe singlet was observed at 8 3.39. The benzylic protons appeared 
as a singlet at 84.63. The oxidation of (80) with liquid bromine 
in dry deoxygenated dichloromethane at O °C gave dibromodimethyl-
[2-(methoxymethyl)phenyl]arsine (81) as a white crystalline solid 
in 93% yield. In CDC1 3 the ~H NMR spectrum of (81) exhibited 
singlets for the AsMe2, OMe and the benzylic protons at 8 2.57, 
3.62 and 4.81, respectively. The solid state thermal elimination 
of methyl bromide fran this arsenic(V) species at 160 °C under 
reduced pressure (20 mmHg) gave bromomethyl[2-(methoxymethyl)-
phenyl]arsine (82) as a pale yellow oil in 97% yield, bp 95-98 °C 
(0.05 mmHg). The 1H NMR spectrum of (82) in CDC1 3 contained three 
singlets: 8 1 . 88 , 8 3.36 and 8 4.55 for the AsMe, OMe and benzylic 
protons, respectively. Treatment of (82) with excess sodium iodide 
in acetone gave iodomethyl[2-(methoxymethyl)phenyl]arsine (83) as 
a golden yellow oil in 92% yield, bp 108-110 °C (0.05 mmHg). The 
1H NMR spectrum of (83) in CDC1 3 was similar to that of (82) 
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with singlets at o 2.13, 3.14 and 4 . 60 being observed for the 
AsMe, OMe and CH2ocH3 , protons, respectively. Treatment of (83) 
with two molar equivalents of sodium metal in tetrahydrofuran at 
room temperature followed by the addition of ethylene sulfide at 
the same temperature and acidic workup gave (±)-(79) as a 
colorless air-sensit ive liquid in 81% yield, bp 118-120 °C (0.05 
mmHg). It is important to note that this reaction must be carried 
out at room temperature t o avoid cleavage of the ether 
bond.58 , 60 - 63 As shown in Figure 13 the ~H NMR spectrum of (±)-
(79) in CDC1 3 contained a AsMe singlet at o 1 .21 and a OMe singlet 
at o 3.40. The SH resonance appeared as a triplet at o 1 .53 
( 3J 8H=7.6Hz). Two sets of multiplets at o 1 .92-2.07 and 2.53-2.69 
were also observed, corresponding to the AsCH 2 and SCH 2 protons, 
respectively. The two non equivalent benzylic protons appeared as 
an AB quartet at o 4.57, 4.66 ( 2JHH'=11 . 23 Hz). A weak V(SH) 
absorption was observed at 2540 cm- 1 in the infrared spectrum. 
Figure 13 1 H NMR spectrum of (±)-(79) in CDC1 3 
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4.2.2 Preparation of (±)-(2-Mercaptoethyl)-
[2-(hydroxymethyl)phenyl]methylarsine (±)-(84) 
84 
The procedure for the preparation of (±)-(84) is summarized 
in Scheme 8. The starting material, 1 ,3-dimethyl-2-
phenylimidazolidine, (85), was obtained from the reaction of 
benzaldehyde and N,N'-dimethylethylenediamine.6 4 The presence of 
the imidazolidine ring in (85) has a strong ortho-directing effect 
in aryl metalation reactions. 65 Thus when (85) was treated with a 
stoichiometric quantity of n-butyllithium in tetrahydrofuran and 
stirred for 16 hours, a solution of the corresponding ortho-lithio 
derivative (86) was obtained. Treatment of (86) with 
dimethyliodoarsine at O °C for 24 hours gave dimethyl[2-(1,3 
dimethylimidazolidinyl)phenyl]arsine (87) as a pale yellow oil in 
82% yield, bp 94-96 °C (0.1 mmHg). The :H NMR spectrum of (87) in 
coc1 3 showed singlets at o 1 .16 and 2.20 for the AsMe2 and the two 
NMe groups, respectively. 
Treatment of (87) with concentrated hydrochloric acid gave 
dimethyl(2-formylphenyl)arsine (88) as a colorless oil in 92% 
yield, bp 78-79 °C (0.1 mmHg). In coc1 3 the 1H NMR spectrum of 
(88) exhibited a singlet AsMe2 resonance at o 1 .23 and a singlet 
resonance at o 10.3 for the proton attached to the carbonyl group. 
No NMe signal was observed. In the infrared spectrum a strong 
v(C=O) absorption was observed at 1780 cm- 1. 
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Reduction of (88) with sodium borohydride in methanol at room 
temperature gave dimethyl[(2-hydroxymethyl)phenyl]arsine (89) as a 
colorless liquid in 81% yield, bp 80-82 °C (0.1 mmHg). It was 
necessary to carry out the reaction at room temperature to prevent 
further reduction of the alcohol. The 1H NMR spectrum of (89) in 
CDC1 3 contained a sharp AsMe2 signal at o 1.17 and the benzylic 
protons appeared as a broad singlet at o 4.84. The OH resonance 
occurred at o 2.55 as a broad singlet which collapsed upon 
addition of D2o. A strong broad V(OH) absorption band was observed 
at 3300 cm- 1 in the infrared spectrum. 
Conversion of (89) into methyl[2-(hydroxymethyl)phenyl]arsine 
(90) was achieved in two steps. A tetrahydrofuran solution of (89) 
was first treated with one equivalent of n-butyllithium to form 
the alkoxide which was added to a mixture of sodium metal in 
liquid ammonia. [The formation of a lithium alkoxide species is 
necessary to prevent reduction of the benzyl alcohol.3 4] 
Hydrolysis and distillation of the crude product gave (90) as a 
colorless oil in 73% yield, bp 92-94 °C (0.1 mm Hg). In the infra 
red spectrum a sharp v(AsH) absorption66 was observed at 2070 
cm-:, together with a strong v(OH) peak at 3300 cm- 1• The 1H NMR 
spectrum of this material was consistent with the presence of a 
benzylic alcohol containing a substituted secondary arsine. In 
CDC1 3 the AsMe and AsH protons were coupled, a doublet being 
observed at o 1 .30 for the former and a quartet at o 3.57 for the 
latter (3JHH=7.08 Hz). A broad OH resonance appeared at o 2.01 
which exchanged with D2o. The benzylic protons also appeared as a 
singlet at o 4.76. 
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The desired product (±)-(84) was prepared by treating an 
arsenide solution of (90) (generated as described above) with 
ethylene sulfide. Subsequent hydrolysis and distillation gave (±)-
(84) as a colorless oil, bp 138-140 °C (0.1 mmHg), in 76% yield. 
In the infrared spectrum a weak v(SH) band was observed at 2550 
cm- 1. As shown in Figure 14, the 1H NMR spectrum of (±)-(84) in 
CDC1 3 exhibited a sharp AsMe singlet at o 1 .20, together with a SH 
triplet at o 1.52 (3JHH=7.6 Hz). The benzylic protons appeared as 
a singlet at o 4.81. The D2o exchangeable OH signal was observed 
as a broad singlet at o 2.72. 
-1 I I I I 
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Figure 14 1 H NMR spectrum of (±)-(84) in CDC1 3 
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4.2.3 Resolution of The Ligands 
(+)-(2-Mercaptoethyl)-[2-(methoxymethyl)phenyl]methylarsine (+)-(79) 
The resolution of (±)-(79) was achieved by fractionally 
crystallizing internally diastereomeric palladium(II) canplexes 
containing the bidentate ligand and an optically active ortho-
metalated dimethyl[1-(1-ethyl)naphthyl]amine (Scheme 9) along the 
lines described for the model compound (±)-(63). In the presence 
of triethylamine the reaction of (±)-(79) with the chlorobridged 
resolving agent [R-(R*,R*)]-(51) in dichloromethane gave the 
expected pair of dinuclear complexes. Crystallization of this 
material from a (2:2:1) mixture of dichloromethane-acetone-ethanol 
afforded the less soluble dinuclear complex [S-(S*,S*,R*,R*)]-(91) 
with [a]D -281° (CH2c1 2). This was recrystallized from a (3:2:1) 
mixture of dichloromethane-acetone-ethanol to give the pure 
diastereomer as yellow needles, [a]D-322° (CH 2c1 2). The more 
soluble diastereomer, [R-(R*,R*,R*,R*)]-(91), was found to be very 
soluble in most solvent systems and attempts to crystallize it 
were unsuccessful. 
Liberation of the optically active bidentate ligand fran [S-
(S*,S*,R*,R*)]-(91) was carried out in two steps (Scheme 10). The 
dinuclear complex was dissolved in dichloromethane and then 
treated with aqueous 1 , 2-ethanediamine at room temperature for 
two hours. This gave the mononuclear complex [S-(S*,R*)]~(92). 
This material was very soluble in most solvent systems and could 
not be induced to crystallize over a wide range of conditions. The 
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optically active arsine was liberated from [S-(S*,R*)]-(92) by 
reacting a dichloromethane solution of it with aqueous potassium 
cyanide in a similar manner to the model compound (R)-(64) 
(Chapter 2). After distillation, the optically active bidentate, 
(R)-(79), was obtained as a colorless oil in 69% yield, bp 120-121 
In a similar manner, the partially resolved (S)-(79) was 
liberated from the non-crystalline fraction of dinuclear 
palladium(II) epimers remaining in the mother liquor after the 
isolation of [S-(S*,S*,R*,R*)]-(91). It was brought to optical 
purity by repeating the resolution procedure to form highly 
crystalline [R-(S*,S*,R*,R*)]-(91) using [S-(R*,R*)]-(51) as the 
resolving agent. The dinuclear complex [R-(S*,S*,R*,R*)]-(91) was 
obtained as yellow needles from a 3:2:1 mixture of dichloromethane 
: acetone: methanol, [aJn+320°(CH2c1 2). Optically pure (S)-(79), 
with [a] 365-7.9°(CH2c1 2), was obtained in 64 % yield from pure [R-
(S*,S*,R*,R*)]-(91) as described above. 
- - - -
A pure sample of [R-(R*,R*,R*,R*)]-(91), was prepared from 
the reaction of optically pure (S)-(79) and [R-(R*,R*)]-(51) and 
was found to be very soluble. Indeed, it could not be induced to 
crystallize over a wide range of conditions. 
(±)-(2-Mercaptoethyl)-[2-(hydroxymethyl)phenyl]methylarsine (±)-(84) 
The asymmetric bidentate ligand (±)-(84) was resolved in a 
similar manner to (±)-(79). The initial mixture of dinuclear 
complexes was prepared from a reaction involving the resolving 
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agent, [R-(R*,R*)]-(51), with one equivalent of (±)-(84) and 
triethylamine in dichloromethane. (Scheme 9). Two crystallizations 
of this mixture from ethyl acetate gave the pure diastereomer [S-
(S*,S*,R*,R*)]-(93) as yellow needles, [a] 0-231° (CH 2c1 2). The 
mother liquor was treated with aqueous 1 ,2-ethanediamine followed 
by aqueous potassium cyanide to liberate the partially resolved 
(S)-(84). Reaction of this material with a stoichiometric quantity 
of [S-(R*,R*)]-(51) in the presence of triethylamine gave the 
dinuclear complex [S-(R*,S*,S*,R*]-(93) as yellow needles from 
ethyl acetate, [a] 0 +232° (CH2c1 2). 
The liberation of the optically active arsines from the 
dinuclear complexes was accomplished as shown in Scheme 10. Both 
[S-(S*,S*,R*,R*)]-(93) and [R-(S*,S*,R*,R*)]-(93) were 
individually treated with aqueous 1 , 2-ethanediamine to remove the 
terminal resolving units to give the crystalline monomeric species 
[ S- ( S * , R * ) 1- ( 9 4 ) and [ R- ( S * , R * ) ]- ( 9 4 ) , [ a ] D - 2 2 3 ° ( CH 2 C 1 2 ) and [ a ] D 
+223° (CH2c1 2), respectively. These complexes were individually 
treated with aqueous potassium cyanide in dichloromethane. After 
workup the pure bidentates (R)-(84) and (S)-(84) were isolated 
fr om the organic layer and distilled as colorless oils, [a] 0 
-12.3° (CH2c1 2) and +12.3° (CH2c1 2), respectively. The 1 H NMR 
spectral data of the internally diastereomeric complexes [S-
( S * , S * , R * , R *) ]- ( 91 ) , [ R- ( R * , R * , R * , R *) ]- ( 91 ) , [ S- ( S * , S * , R * , R *) ]-
(93) and [R-(R*,R*,R*,R*)]-(93) together with the model compounds 
[S-(S*,S*,R*,R*)]-(68) and [R-(R*,R*,R*,R*)]-(68) are summarized 
in Table 3. .. 
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The circular dichroism spectra of the optically active 
arsines liberated fran [S-(S*,S*,R*,R*)]-(91) and -(93) were 
similar to that recorded for the corresponding model ligand, (R)-
(64). In methanol all the three bidentate arsines exhibited a 
negative maximum centered near 210 nm. Hence the asymmetric 
arsenic stereocenter in each of the resolved ligands was assigned 
the R absolute configuration. 
Table 3 1H NMR Data for the Diastereoisomeric Complexesa 
Complex 
[S-(S*,S*,R*,R*)]-(68) 
[R-(R*,R*,R*,R*)]-(68) . 
[S-(S*,S*,R*,R*)]-(91) 
[R-(R*,R*,R*,R*)]-(91) 
[S-(S*,S*,R*,R*)]-(93) 
[R-(R*,R*,R.*,R*)]-(93) 
b 
oCMe oEMe 
1.85(6) 2.18 
1.98(6) 
1.79(6) 1.93 
2.06(6) 
d 
oCH2CH 2 
2.28-3.10 
2.23-2.91 
1.86(6) 2.30 2.40-3.18 
1.94(6) 
1.71(6) 2.06 2.38-3.30 
2.05(6) 
1.84(6) 2.26 2.52-3.25 
1.92(6) 
1.74(6) 2.02 2.48-3.53 
2.04(6) 
oNMe 
2.81,2.85 
3.18,3.29 
2.79,2.83 
3.06,3.31 
2.83,2.87 
3.24,3.36 
2.74,2.84 
3.25,3.49 
2.83,2.86 
3.19,3.36 
2.77,2.86 
3.13,3.31 
OMe/OH 
3.41 
3.48 
f 
f 
CHMe 
4.25c(6) 
4.39c(6) 
4.22c(6) 
4.39c(6) 
4. 29 d 
4.30d 
4.27(6) 
4.36(6) 
4.26(6) 
4.38(6) 
benzylic-CH2 t
. d 
oaroma 1cs 
7. 18-8. 55 
6. 7 8-8. 1 3 
e 4. 39 , 5 . 31 ( 11 ) 6. 8 5-8. 1 2 
e 4.36,5.24(11) 6.80-8.10 
5.0 6.91-8.10 
5.13 7.01-8.33 
a Measured in coc1 3, coupling constants in Hz (parentheses). b Resonance ob se rved as doublets. c Resonance 
observed as .quartets. ct Resonance observed as multiplet. e Resonance observed as AB quartet. 
f Resonance not identified 
I.!) 
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4. 3 Experimental 
4. 3. 1 General 
The instrumentation and experimental techniques were in 
general the same as those described in Section 2.3.1. The compound 
1,3-dimethyl-2-phenylimidazolidine64 and o-bromobenzylmethyl-
ether67 were prepared by literature methods. 
4.3.2 Preparation of Ligands 
Dimethyl[2-(methoxymethyl)phenyl]arsine,(80). A solution of 
o-bromobenzylmethylether (150g) in dry deoxygenated 
tetrahydrofuran (250mL) was added dropwise to a stirred mixture of 
magnesium (19g) and iodine (trace) in dry deoxygenated 
tetrahydrofuran (60 mL) over a period of 1h. When the addition was 
completed stirring was continued for a further 1h. The reaction 
mixture was then cooled to 0 °C. To this mixture 
iododimethylarsine (169g) in dry deoxygenated tetrahydrofuran 
(200mL) was added dropwise. When the addition was finished the 
reaction mixture was allowed to warm to room temperature, and then 
it was heated under reflux for 30 minutes. After the solvent had 
been removed diethyl ether (400mL) was added. The reaction mixture 
was then hydrolysed with hydrochloric acid (500mL, 2M). The 
organic layer was separated and the aqueous layer extracted with 
more diethyl ether (2X200mL). The combined organic extracts were 
dried (MgS04), filtered, and the solvent removed. The product was 
distilled as a colorless oil, bp 70-72 °C (0.1 mmHg), 148g 
(87.7%). Anal. Calcd for c10H15As0: C,53.1; H,6.7. Found: C,53.1; 
H,6.9. 1H NMR (CDC1 3): cS 1.17 (S, 6, AsMe), ·c53.39 (S, 3, OMe), cS 
4.63 (S, 2, benzylic-CH2), cS 7.25-7.57 (m, 4, aromatics). 
97 
Dibromodimethyl[2-(methoxymethyl)phenyl]arsine (81) . A 
---------------------------------------------------
solution of bromine (9Og) in dry deoxygenated dichl oromethane 
(15OmL) was added dropwise to a stirred solution of (80) (12Og) 
in dry deoxygenated dichloromethane (6OOmL) at o °C. When the 
addition was completed, the reaction mixture was allowed to warm 
to room temperature and the solvent removed. The white crystalline 
product was collected and washed with iced cold acetone, mp 155-
156 °C dee~, 19~g (93%)~ Anal~ Calcd for c1OH15AsBr 2o: C,31.1; 
H, 3.9. Found: C,31.O; H,3.9. 1H NMR (CDC1 3) 02.57 (S, 6, AsMe), 
03.62 (S, 3, OMe), 04.81 (S, 2, benzylic-CH2), 07.30-8.29 (m, 4, 
aromatics). 
Bromomethyl[2-(methoxymethyl)phenyl]arsine (82). Compound 
(81) (11Og) was heated at 160 °C under reduced pressure (20 mmHg) 
for 2h until the evolution of methyl bromide was completed. The 
product was distilled as a pale yellow oil, bp 95-98 °C (0.05 
mmHg), 8Og (96.5%). Anal. Calcd for c9H12AsBrO: C,37.2; H,4.2. 
Found: C,37.4; H,4.1. 1H NMR (CDC1 3) 01.88 (S, 3, AsMe), 03.36 (S, 
3, OMe), 04.55 (S, 2, benzylic-CH2), 07.05-8.20 (m, 4, aromatics). 
Iodomethyl[2-(methoxymethyl)phenyl]arsine (83). A solution 
of sodium iodide (5Og) in acetone (4OOmL) was added to a mixture 
of (82) (58g) in acetone (2OOmL). After stirring for 30 minutes 
the reaction mixture was filtered to remove the sodium bromide 
precipitate. The solvent was removed under reduced pressure and 
the residue was dissolved in dichloromethane (4OOmL). The organic 
layer was washed with water, dried (MgS04), filtered, and the 
solvent removed. The product was distilled as golden yellow oil, 
bp 108-110 °C (0.05 mmHg), 62g (92%). Anal. Calcd for CgH12AsIO: 
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C,32.O; H,3.6. Found C,32.2; H,3.5. 1H NMR (CDC1 3) 02.13 (S, 3, 
AsMe), 03.41 (S, 3, OMe), 04.60 (S, 2, benzylic-CH2), 07.10-8.15 
(m, 4, aromatics). 
(2-mercaptoethyl)-[2-(methoxymethyl)phenyl]methylarsine (±)-
------------------------------------------------------------
(79). Compound (83) (85g) was treated with sodium metal ( 12g) in 
tetrahydrofuran (6OOmL). After 5h of stirring, the reaction 
mixture was filtered to remove excess sodium. Ethylene sulfide 
(15.1g) was then slowly added into the filtrate with stirring. 
After the addition was finished, the reaction mixture was allowed 
to stir for another 30 minutes. The workup at this point followed 
the procedure outlined for (±)-(2-mercaptoethyl)methylphenyl-
arsine. The product was obtained as a colorless viscous oil, bp 
118-120 °C (0.05 mmHg), 55.4g (81%). Anal. Calcd for c 11 H17As0S: 
C,48.5; H,6.3. Found C,48.4; H,6.5. 1H NMR (coc1 3) 01.20 (s, 3, 
AsMe), 01.53 (t, 1, 3JH-H'=7.6Hz, SH), o1.92-2.O7(m, 2, AsCH2), 
o2.53-2.69(m, 2, SCH2), 03.40 (s, 3, OMe), 04.57, 04.66 (ABq, 2, 
2JH-H' =11 .23Hz, benzylic-CH2), 07.29-7.55 (m, 4, aromatics). 
Dimethyl[2-(1 ,3-dimethylimidazolidinyl)phenyl]arsine (87). A 
------------~---------------------------------------------
solution of n-butyllithium in hexane (500 mL,1 ,5M) was slowly 
added into a mixture of 1 ,3-dimethyl-2-phenylimidazolidine (14Og) 
in dry deoxygenated diethyl ether (600 mL) at O °C. When the 
addition was completed, the reaction mixture was allowed to stir 
overnight at room temperature. It was then cooled to O °C and 
iododimethylarsine (165g) was added dropwise. The reaction mixture 
was then stirred for 24h at room temperature and deoxygenated 
water (200 mL) was added carefully. The organic layer was 
separated and the aqueous layer extracted with more diethyl ether 
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(2x1OO mL). The combined organic extracts were dried (MgS04), 
filtered,and the solvent removed. The product was distilled as a 
pale yellow oil, bp 94-96 °C (0.1 mmHg), 182g (81 .8%). Anal. Calcd 
for C13H21N2As: C,55.7; H,7.6; N,1O.O. Found C,55.8; H,7. 4 ; 
. . . 
N, 1 0. 0. 1 H NMR ( CD Cl 3) 01 • 1 6 ( s, 6, AsMe), 2. 20 ( s, 6, NMe) , 2. 52-
3. 47 (m, 4, CH2cH2), 4,10 (s, 1, benzylic-CH2), 7.29-7.64 (m, 4, 
aroma ti cs). 
Dimethyl(2-formylphenyl)arsine (88). Deoxygenated 
concentrated hydrochloric acid (250 mL) was added dropwise into 
(±)-90 (275g). After O.5h of stirring, water (200 mL) was added 
at O °C. The organic layer was separated and the aqueous layer 
extracted with dichloromethane (2x15O mL). The combined organic 
extracts were dried (MgS04), filtered, and the solvent removed. 
The product was distilled as a colorless oil, bp 78-79 °C (0.1 
mmHg), 19Og (92.1%). Anal. Calcd for c9H11 As0: C,51 .5; H,5.3. 
Found C,51.7; H,5.1. 1H NMR (CDC1 3) 01.23 (s, 6, AsMe), 7.40-7.92 
(m, 4, aromatics), 10.30 (s, 1, CHO). 
Dimethyl[(2-hydroxymethyl)phenyl]arsine (89). Compound (88) 
(6Og) was reduced by sodium borohydride (25g) in methanol (800 
mL). After 4h of stirring, the reaction mixture was concentrated 
to ca. 400 mL under reduced pressure. Diluted hydrochloric acid 
(1O%,2L) was added and methanol was removed under reduced 
pressure. The organic layer was separated and the aqueous layer 
extracted with dichloromethane (2x3OO mL). The combined organic 
extracts were dried (MgS04), filtered, and the solvent removed. 
The product was distilled as a colorless oil; bp 80-82 °C (0.1 
mmHg), 49g (81%). Anal. Calcd for c9H13As0: C,51 .O; H,6.2. Found 
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C,51.1; H,6. 3. 1H NMR (CDC1 3) 81 .17 (s, 6, AsMe), 2.55 (br s, 1, 
OH), 4.84 (s, 2, benzylic-CH2), 7.13-7.54 (m, 4, aromatics). 
Methyl[(2-hydroxymethyl)phenyl]arsine (90). A solution of n-
butyllithium in hexane(1.5M 196 mL) was added dropwise into a 
mixture of (±)-92 (62g) in dry deoxygenated tetrahydrofuran (500 
mL) at 0°C; until the color of the reaction mixture just changed 
from colorless to pale yellow. It was then added dropwise to a 
stirred mixture of sodium (foil,13.7g) in liquid ammonia (1L). The 
reaction mixture was then stirred overnight with the source of 
cooling removed and finally the solvents were removed under 
reduced pressure. Diethyl ether (500 mL) was added followed by 
deoxygenated water (50 mL). The orange organic layer was then 
separated and the aqueous layer extracted with dichloromethane 
(2x200 mL). The combined organic extracts were dried (MgS04), 
filtered and the solvent removed. The product was distilled as a 
colorless oil; bp 92-94 °C (0.1 mmHg), 42g (72.5%). Anal. Calcd 
for C8H11AsO: C,48.5; H,5.6. Found C,48. 3 ; H,5.5. 1H NMR (CDCl3) o 
1.30 (d, 3, 3JHH = 6.8 Hz, AsMe), 2.01 (br s, 1, OH), 3.57 (q, 1, 
3JHH = 7.08 Hz, AsH), 4.76 (s, 2, benzylic-CH2), 7. 18-7.62 (m, 4, 
aroma ti cs). 
(2-Mercaptoethyl)[(2-hydroxymethyl )phenyl]methylarsine (±)-
(84). A solution of n-butyllithium in hexane (1.5M, 171 ml) was 
added dropwise into a mixture of (9 0 ) (50.5g) in dry deoxygenated 
tetrahydrofuran (400 mL) at O °C. It was added to a mixture of 
sodium (foil,6.2g) in liquid ammonia (1L). The reaction mixture 
was then stirred overnight with the source of cooling removed and 
finally the solvents were removed under reduced pressure. The pale 
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yellow sodium arsenide was dissolved in dry deoxygenated 
tetrahydrofuran (700 mL) to give an orange solution. Ethylene 
sulfide (18.1g) was then added dropwise to the mixture at -78 °C. 
The workup at this stage followed the procedure outlined for (±)-
(2-mercaptoethyl)methylphenylarsine. The product was distilled as 
a viscous colorless oil; bp 138-140 °C (0.1 mmHg), 50.3g (76.4%). 
Anal. Calcd for c10H15As0S: C,46.5; H,5.9. Found C,46.7; H,5.7. 
1H 
NMR (CDC1 3) 61.20 (s, 3, AsMe), 1.52 (t, 1, 3JHH = 7.57 Hz, SH), 
1.20-2.05 (m, 2, AsCH 2), 2.51-2.67 (m, 2, SCH2), 2. 72 (br s, 1, 
OH), 4.81 (s, 2, benzylic-CH2), 7.25-7.48 (m, 4, aranatics) 
4.3.3 Resolution Of Ligands 
Resolution of (±)-(2-mercaptoethyl)-[2-(methoxymethyl)-
phenyl]methylarsine. Isolation of [S-(S*,S*,R*,R*)]-(91). A 
mixture of (±)-(79) (8.1g), [R-(R*,R*)]-(51) (22g) and 
triethylamine (11 mL) in dry dichloromethane (400 mL) was stirred 
until all the solid had dissolved. The yellow solution was then 
washed with water to remove triethylamine hydrochloride and the 
organic phase was separated and dried. The solution was 
concentrated to ca. 150 mL and then diluted with acetone (150 mL) 
and then ethanol (70 mL). The mixture was concentrated to ca. 150 
mL on a steam bath and allowed to cool to room temperature. After 
48h of standing the yellow crystals were filtered off, washed with 
a 2:2:1 mixture of dichloromethane:acetone:ethanol (50 mL), and 
diethyl ether (50 mL), then dried; [aJn-280.7° (c 1.0, CH 2c1 2). 
The crude product was recrystallized from a mixture of 
dichloromethane: acetone: ethanol (3:2:1, 150 mL). After 
standing for 24h the pure prod uct was obtained as pale yellow 
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needles (12g, 87.9%) having [a] 0 -322.2° (c 1 .0 CH 2c1 2) , mp 205-
206 °C. Anal. Calcd for C39H48N2AsClOPd2S: C,51 .1; H, 5 . 3 ; N, 3.1. 
Found C,50.8; H,5.4; N,2~9~ 1H NMR (CDC1 3) 0 1. 86 ( d , 3 , 3JHH = 
6.1 Hz, CHMe), 1.94 (d, 3, 3JHH = 6.3 Hz, CH Me), 2. 30 (s, 3 , 
AsMe), 2.40-3.18 (m, 4, CH2CH 2), 2.83 (s, 3, NMe), 2. 87 (s, 3 , 
NMe), 3.24 (s, 3, NMe), 3.36 (s, 3, NMe), 3.41 (s, 3, OMe), 4. 20-
4.38 (m, 2, CHMe), 4.39, 5.31 (ABq, 2, 2JHH' = 11. 23 Hz, benzylic-
CH2), 6.85-8.12 (m, 16, aromatics). 
The mother liquor, which contained primarily [R-
(R*,R*,R*,R*)]-(91), was retained for future use. 
(R)-(2-Mercaptoethyl)-[2-(methoxymethyl)phenyl]methyl arsine 
-------~---------------------------------------------------
(R)-(79). A solution of [S-(S*,S*,R*,R*)]-(91) (1 2g) in 
deoxygenated dichlorornethane (200mL) was stirred for 1h in 
contact with 1 , 2-ethanediamine (10 mL) in water (100 mL). The 
organic layer was separated, and washed several times with water. 
A solution of potassium cyanide (40g) in water was added and the 
reaction mixture was allowed to stir for 12h. The colorless 
organic layer was separated, washed thoroughly with water, 1M 
H2S04 and water before drying over Mgso4• The solution was 
filtered and the solvent removed. Distillation yi elded the pure 
(R)-(79) as a colorless oil; bp 120-121 °C (0.1 mmHg ), 2. 46g 
Anal. Calcd for c11 H17 As0S: C,48.5; H,6.3. Found C, 48 .6; H,6. 4. 1H 
~ 
NMR (CDCl3): identical to that recorded for the correspondi ng 
racemic material. the circular dichroism spectrum of the optical ly 
pure bidentate (R)-(79) in methanol exhibited a negative maxi mum 
at 210 nm (E 17360) 
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Attempts to crystallize [S-(S*,R*)]-(92) were not successful. 
(S)-(2-Mercaptoethyl)-[2-(methoxymethyl)phenyl]methylarsine, 
------------------------------------------------------------
(S)-(79). The mother liquor from the isolation of 
* [R-(R* ,S*,S*,R )]-(91) was treated with 1 , 2-ethanediamine and 
- - - - -
potassium cyanide. The free ligand thus obtained had [a] 365 -3.6 ° 
(c 10.0, CH 2c1 2) It was then reacted with the calculated quantity 
of [S-(R*,R*)]-(51) to give [R-(S*,S*,R*,R*)]-(91). The dinuclear 
complex was obtained as yellow prisms, 11g (80.6%), mp 204-206 °C, 
with [a] 0+320° (c 1 .O, CH 2c1 2). Anal. Calcd for c39H4gN2AsClOPd2S: 
. . 
C, 51 • 1 ; H , 5. 3 ; N , 3. 1 • Found C , 51 • 0 ; H , 5. 4 ; N, 3. 1 • 1 H N MR (CD Cl 3) : 
identical to that recorded for the corresponding racemic material. 
Optically pure (S)-(79) was obtained from [R-(S*,S*,R*,R*)]-
(91) as its (R)-epimer, 2.1g (64%); [a] 0-1.2° (c 10.0, CH 2c1 2), 
[a] 365 -7.9° (c 10.0, CH 2Cl 2). Anal. Calcd for c 11 H17 As0S: C,48.5; 
H,6.3. Found C,48.5; H,6.4. 1H NMR (CDC1 3): identical to that 
recorded for the corresponding racemic material. 
[R-(R*,R*,R*,R*)]-(91). This highly soluble complex was 
prepared by reacting (S)-(79) (1g) with [R-(R*,R*)-(51) (2.7g) in 
dichloromethane in the presence of triethylamine. Afte r all the 
solid had dissolved, the organic layer was washed with water, 
dried (MgS04), filtered and the solvent removed. The dinuclear 
complex was obtained as yellow glass, 3.2g (95%), [a] 0 -37.5° (c 
~-0, CH2Cl2). Anal. Calcd for C39H4sN2AsClOPd2S: C,51 .1; H,5~3; 
N,3.1. Found C,51.5; H,5.4; N,3.0. 1H NMR (CDC1 3) 01.71 (d, 3, 
3JHH = 6.1 Hz, CHMe), 2.05 (d, 3, 3JHH = 6.1 Hz, CHMe), 2.06 (s, 
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3, AsMe), 2.38-3.30 (m, 4, CH2CH2), 2.74 (s, 3, NMe), 2 .84 (s, 3, 
NMe), 3. 25 ( s, 3, NMe), 3. 49 ( s, 3, NMe), 3. 48 ( s, 3 , OMe ), 4. 21-
4. 38 (m, 2, CHMe), 4.36,5.24(ABq, 2, 2JHH' = 11 . 26 Hz , benzylic-
CH2), 6.80-8.10 (m, 16, aromatics). 
Resolution of (±)-(2-Mercapt oethyl)[2-(hydroxymethyl)p henyl]-
-------------------------------------------------------------
methylarsine. Isolation of [S-(S*,S*,R*,R*)]-(93). A mixture of 
(±)-(84) (9.0g), [R-(R*,R*)]-(51) (31.8g) and triethylamine (15 
mL) in dichloromethane (250 mL) was stirred until the solids had 
dissolved. The yellow solution was washed with water (to remove 
triethylamine hydrochloride) and the organic layer separated, 
dried (MgS04), filtered and the solvent removed. The mixture was 
dissolved in hot ethyl acetate (500 mL), and concen trat ed to ca. 
200 mL on the steam bath, whereupon large yellow crystals of the 
product [S-(S*,S*,R*,R*)]-(93) was separated having [a]D-209° (c 
0.9,CH2c1 2). The pure epimer was obtained aft er a second 
recrystallization from ethylacetate, 11.0g (70%), [a]D-222.9° (c 
1 .0, CH 2c1 2); mp 190-192 °C dee. Anal. Calcd for 
C38H46N2AsClOPd2S: C,50.6; H,5.4; N,3.1. Found C,50.4; H,5.5; 
. . . 
N,2.9. 1H NMR (CDC1 3) o 1.84 (d, 3, 3JHH = 6.3 Hz , CHMe), 1.92 (d, 
3, 3 J HH = 6. 2 Hz, CHMe) , 2. 26 ( s, 3, AsMe) , 2. 52- 3. 25 ( m, 4, 
CH2CH2), 2.83 (s, 3, NMe), 2.86 (s, 3, NMe), 3.19 (s, 3, NMe), 
3. 36 ( s, 3, NMe), 4. 27 ( q, 1 , 3JHH = 6. 3 Hz, CHMe), 4. 36 ( q , 1 _, 
3JHH = 6.3 Hz, CHMe), 5.0 (br s, 2, benzylic-CH2) , 6.91-8.10 (m, 
16, aromatics). 
The mother liquor (which contained primarily [R-
(R*,R*,R*,R*)]-(93)) was retained for futur e use. 
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[(R)-1-[1-(Dimethylamino)ethyl]naphthyl-C 2 ,N][(S)-2-[(2-
- - -
--~-----------------------------------------------------
hydroxymethyl)phenylmethylarsino]ethiolato]palladium(II), 
---------------------------------------------------------
[S-(S*,R*)]-(94). A solution of [S-(S*,S*,R*,R*)]-(93) (10.0g) in 
-----------------
dichloromethane (150 mL) was treated with 1 ,2-ethanediamine (8 
mL) in water (100 mL) for two hours. The organic layer was 
separated, washed with water, dried (MgS04), filtered and the 
solvent removed. The resulting glassy material was dissolved in 
boiling ethyl acetate (100 mL) and the solution was concentrated 
to ca. 50 mL. Upon cooling the pure monomeric complex [S-(S*,R*)]-
(94) was crystallized as pale yellow plates, 5.2g (83% yield) 
[a]D-222.8° (c 1 .O, CH 2c1 2), mp 185-187 °C dee. Anal . Calcd for 
C24H30NAsOPdS: C,51.3; H,5.4; N,2.5. Found C,51 .O; H,5.2; N,2.3. 
1 H N MR ( CDC 13 ) o 1 • 81 ( d , 3 , 3 J H H = 6 . 4 Hz , CHM e ) , 1 . 9 8 ( s , 3 , 
AsMe), 2.52-2.90 (m, 4, CH 2CH 2), 2.91 (s, 3, NMe), 2.96 (s, 3, 
NMe), 3.50 (br s, 1, OH), 4.40 (q, 1, 3JHH = 6.35Hz, CHMe), 4.80-
5.40 (m, 2, benzylic-CH2), 7.00-7.81 (m, 10, aromatics). 
(R)-(2-Mercaptoethyl)-[2-(hydroxymethyl)phenyl]methylarsine 
-----------------------------------------------------------
(-)-(84). The monomer [S-(S*,R*)]-(94) was treated with aqueous 
potassium cyanide in the usual manner. Pure (R)-(84) was obtained 
as a colorless oil: bp 138-140 °C (0.1 mmHg), 90% yield; [a]D-
12.30(c 4.0,CH2Cl 2). Anal. Calcd for c 10H15As0S: C,46.5; H,5.9. 
Found C,46.5; H,5.8. 1H NMR (CDC1 3): identical to that recorded 
for the corresponding racemic material. 
-(S)-(2-Mercaptoethyl)-[2-(hydroxymethyl)phenyl]methylarsine 
-----------------------------------------------------------
(+)-(84). The mother liquor from the isolation of [R-
---------
(R*,S*,S*,R*)]-(93) was treated with 1 ,2-ethanediamine and 
- - - -
aqueous potassium cyanide in successive order. The tertiary arsine 
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that was obtained had [a] 0 +7.5° (c 10, CH 2c1 2). The free ligand 
was then reacted with the calculated quantity of [S-(R*,R*)]-(51) 
- - -
to give [S-(R*~S*,S*,R*)]-(93). The dinuclear complex was obtained 
from ethyl acetate as yellow needles 10.4g (66%), mp 190-192 °C 
[a] 0+221.5° (c 1 .0, CH2c1 2). Anal. Calcd for c38H46N2AsC10Pd2S: 
C , 5 0 . 6 ; H , 5 . 4 ; N , 3 • 1 • Found C , 5 0 • 3 ; H , 5 • 1 ; N , 3 • 0 • 1 H N MR ( CDC 1 3 ) : 
. . 
identical to that recorded for [S-(S*,S*,R*,R*)]-(93). Optically 
pure (S)-(84) was subsequently obtained from [R-(S*,S*,R*,R*)]-
(93) by the usual route bp 138-140 °C (0.1 mmHg),[a] 0+12.2° (c 
The dinuclear complex [R-(R*,R*,R*,R*)]-(93) was prepared 
from [R-(R*,R*)]-(51) and (S)-(84), but it could not be induced to 
crystallize. The yellow glass obtained had [a] 0 -53 ° (c 1.0, 
CH 2c1 2). 1H NMR (CDC1 3) o 1.74 (d, 3, 3JHH = 6.3 Hz, CHMe), 
2.02(s, 3, AsMe), 2.04 (d, 3, 3JHH = 6.3 Hz, CHMe), 2.48-3.53 (m, 
4, CH2CH2) , 2. 77 ( s, 3, NMe) , 2. 86 ( s, 3, NMe), 3. 1 3 ( s, 3, NMe), 
3.31 (s, 3, NMe), 4.26 (q, 1, 3JHH = 6.3 Hz, CHMe), 4.38 (q, 1, 
3JHH = 6.3 Hz, CHMe), 5.13 (br s, 2, benzylic-CH2), 7.01-8.33 (m, 
1 6 , a r om at i cs ) . 
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CHAPTER 5 
TEMPLATE SYNTHESIS OF CHIRAL MACROCYCLIC QUADRIDENTATE LIGANDS 
CONTAINING TRANS-DISPOSED As 2 S2 DONOR ATOMS 
5.1 Introduction 
In 1980 Kyba et al. published the first syntheses of 
macrocycles containing asymmetric tertiary arsine donors (see 
Chapter 1, Section 1.2) and also described the separation of these 
compounds into their respective stereoisaners. 1° For instance, 
both the meso-cis and meso-trans stereoisomers of the rnacrocycle 
2,3,4,5,6,7,8,9-octahydro-1,9-dimethyl-5-phenyl-1H-1,5,9-benzo-
triarsacycloundecin, (1), were isolated by column chromatography. 
meso-cis-(1) mesa-trans-( 1) 
Using the same purification method, the rneso-cis and rneso-
trans isomers of the heterocycle 2,3,4,5,6,7,8,9-octahydro-1,9-
dirnethyl-5-phenyl-1H-5,1 ,9-benzophosphadiarsacycloundecin, (2), 
were obtained as viscous oils. Interestingly, the racemic 
analogues of (1) and (2) were not observed. 
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meso-cis-(2) mesa-trans-( 2) 
In 1981, Kyba's group isolated three stereoisomers of 
5,6,7,8,9,14,15,16,17,18-decahydro-5,9,14,18-tetramethyl-
[b,i][1 ,4,8,11]-tetraarsacyclotetradecin, (23), with use of a 
combination of chromatographic and fractional crystallization 
procedures. 13 The structures of the three diastereomers (23a-c) 
were assigned on the basis of NMR evidence. 
(23a) ( 23b) (23c) 
In the same report Kyba et al. also described the isolation 
of the meso isomers of the 14-membered cycles, 
6,7,8,9,14,15,16,17-octahydro-9,14-dimethyldibenzo[b,l][1,4,8,11]-
diheteradiarsacyclotetradecane (where dihetera was dioxa (27) or 
dithia (28)). Both meso-(27) and meso-(28) were obtained as white 
crystalline solids after a series of purification steps. 
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meso-(27) meso-(28) 
In view of the apparent difficulty in preparing and isolating 
racemic stereoisomers of asymmetric tertiary arsino containing 
macrocycles it is not surprising that, to date, none have been 
resolved. In this chapter, the synthesis of a quadridentate 
macrocycle ligand containing two arsenic and two sulfur donor 
atoms in a trans arrangement will be described. The synthetic 
approach involves a template synthesis technique using optically 
active or racemic (2-mercaptoethyl)[2-(methoxymethyl)phenyl]-
methylarsine, MAsSH, as precursor. Use of the optically active 
bidentate as precursor to the optically active macrocycle avoids 
the necessity of having to isolate and resolve the racemic 
stereoisomer, although both meso and racemic diastereomers are 
accessible from racemic-MAsSH. The structures of the racemic and 
meso macrocyclic palladium(II) canplexes together with the free 
racemic ligand have been confirmed by single crystal X-ray 
analyses. 
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5.2 Results and Discussion 
5.2.1 General Considerations of Macrocycle Templates 
Many transition metals such as cobalt, copper, iron, 
manganese, nickel and palladium have been used as templates for 
macrocycle syntheses. Healy and Rest3 concluded that two basic 
requirements regarding the choice of template ions must be 
fulfilled for in situ reactions; first, the stereochemistry of the 
template complex must be such that the reactive groups are 
disposed in a favourable arrangement so that cyclization may 
proceed; and second, the metal ion should remain strongly chelated 
to the donor atoms of the macrocycle precursor during the course 
of the cyclization reaction. 
In Chapter 3, it was shown that neutral square planar 
complexes of the type [M(SCH 2 CH 2 AsMePh) 2 ] (where M = Ni(II), 
Pd(II) or Pt(II)) were labile with respect to ligand 
redistribution. Of the three metal analogues studied, the 
nickel(II) complexes exhibited the highest lability and thus were 
considered to be kinetically unfavourable for the macrocyclization 
process. The corresponding platinum(II) complexes exhibited the 
lowest lability in solution, but their stereochemistries we~e 
mainly cis. In contrast, the analogous bivalent palladium 
derivatives, which had intermediate stabilities between those of 
-
the corresponding nickel and platinum species, displayed trans 
geometries in several common organic solvents. Accordingly, the 
palladium complexes were considered to be the most suitable 
materials for the template synthesis of the target macrocycles. 
1 1 1 
For comparison, however, the analogous platinum(II) complexes, 
[Pt(MAsS) 2J, were also prepared and briefly investigated as 
templates for the cyclization reaction. 
As found for their model counterparts, the bis(bidentate) 
complexes containing the various forms of the asymmetric 
macrocycle precursor MAsSH were expected to exhibit 
diastereomerism in solution (Chapter 3). Identification of each 
diastereomer was achieved by comparision of the 1H NMR spectra of 
the template materials with those of the corresponding model 
compounds in the same solvent. This assignment was further 
supported by comparing the 1H NMR spectra of the bis(bidentate) 
template complexes containing the racemic and optically active 
forms of the precursor. The solid state structure of meso-trans-
[Pd(MAsS)2J was confirmed by a single crystal X-ray analysis. 
5.2.2 Macrocycle Templates: Palladium(II) Derivatives 
Neutral square planar complexes of the type [Pd(MAsS) 2J were 
prepared by adding a solution of Li 2[PdC1 4J in methanol to a 
solution of the appropriate form of the bidentate ligand in the 
same solvent, in the presence of base. When (±)-MAsSH was used, a 
yellow precipitate was obtained from the reaction mixture. This 
material was insoluble in methanol, ethanol and benzene, but could 
be crystallized from dichloromethane-methanol to give the pure 
complex as highly crystalline bright orange blocks in 84% yield. 
In contrast, when the optically active forms of MAsSH were used, 
the resulting complexes were very soluble in most organic 
solvents. Indeed, they could only be obtained as orange glasses. 
It is noteworthy that the solubilities of compounds of the type 
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[Pd(MAsS)2J are altogether different fran those of the 
corresponding model complexes where the optically active forms 
were found to be less soluble than the inactive species. 
As shown in Table 4, the 1H NMR spectrum of (+)-[Pd(MAsS) 2J 
in CDC1 3 at 25 °C contained two AsMe singlets at o 1 .10 and o 1 .85 
in the ratio .of 1 :3. By comparision with the 1H NMR spectrum of 
the model complex, (+)-[Pd(AsS) 2J, the resonance at o 1 .10 was 
assigned to the cis isomer and the resonance at o 1 .85 to the 
trans diastereomer. The 1H NMR spectrum of (±)-[Pd(MAsS) 2J under 
the same conditions clearly showed that all four diastereomers 
were present, although only a trace amount of the meso-cis 
diastereomer was observed in the equilibrium mixture. The 1H NMR 
data for the various diastereomers in CDC1 3 are given in Table 4. 
As expected, the diastereomeric ratios in (±)-[Pd(MAsS) 2J were 
found to be solvent dependent. The relative populations of each 
isomer at 25 °C in CDC1 3, co2c1 2 , and c6o6 are given in Table 5. 
In CDC1 3 and C6D6 the ratios were determined from the relative 
peak areas of the AsMe signals. In CD2c1 2 the AsMe resonances of 
the two trans isomers were superimposed on each other at o 1 .80. 
The 0Me resonances of the racemic-trans and the mesa-trans 
diastereomers in this solvent, however, appeared as individual 
singlets at o 3.40 and 3.43, respectively, and thus gave the 
diastereomeric ratio in the mixture. 
Table 4 Equilibrium Populations (in parenthesis) and 6 (AsMe) of Diastereomers 
of [Pd(AsS) 2 ] and [Pd(MAsS) 2 ] in CDC1 3 at 25 °C 
Compound racemic-cis meso-cis racemic-trans 
( ±)-[Pd (AsS) 2 ] 1 • 27 ( 11 % ) 1 • 71 ( 5 % ) 1.80 (42 %) 
(+)-[Pd(AsS) 2 ] 1 • 27 ( 20 % ) - 1.80 (80 %) 
(±)-[Pd(MAsS) 2 ] 1.10 (15 %) 1.64 ( 5 %) 1.85 (42 %) 
(+)-[Pd(MAsS) 2 ] 1.10 (25 %) - 1 • 85 ( 75 % ) 
mesa-trans 
1.82 (42 %) 
1 • 86 ( 38 % )
I-' 
I-' 
w 
11 4 
Table 5 Equilibrium Populations (in parenthesis) a nd o AsMe of 
Diastereomers of (±)-[Pd(MAsS) 2 ] in Various Solvents at 25 °C. 
solvent racemic-cis meso-cis racemic-trans mesa- t r ans 
1 • 1 0 ( 15%) 
1.06 .(29%) 
1.64 (5%) 1.85 (42%) 
1.64 (13%) 1.80 (29 %) 
1. 50 ( 56%) 
1. 86 ( 38%) 
1. 80 (29 %) 
1. 52 ( 44%) 
By comparision with the model compounds, the orange crystals 
of (±)-[Pd(MAsS) 2J were shown to be the meso-trans diastereomer. 
Thus, when a sample of the crystalline optically inactive material 
was dissolved in CD2c1 2 at . -78 °C, one AsMe resonance at o 1 .80 
together with one OMe . singlet at o 3.43 were observed in the 1H 
NMR spectrum. Signals due to the other three diastereomers 
subsequently appeared in the spectrum as the sample was warmed up. 
At 25 °C the diastereomeric ratio of racemic-cis:meso-cis:racemic-
trans:meso-trans was 29:13:29:29. This diastereomeric ratio did 
not alter when the sample was recooled to -70 °C. The isolation of 
only the mesa-trans stereoisomer in greater than 50 % yield may be 
considered as the result of a second order asymmetric 
.. 
transformation. The structure of meso-trans-[Pd( MAsS) 2J was 
subsequently confirmed by an X-ray analysis in which the palladi um 
atom was shown to be located on a crys t allographic inversion 
center (Figure 15). The corresponding bis(bidentate) bivalent 
palladium complexes containing (2-mercaptoethyl)-
[2-(hydroxymethyl)phenyl]methylarsine were found to be insoluble 
in most organic solvents and hence were considered to be 
unsuitable for the cyclization reaction. 
... 
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Figure 15 Molecular structure of meso-trans-[Pd(MAsS) 2 ] 
s s 
(Crystal structure determined by J.W.Patrick, B.W.Skelton, and 
A.H.White, University of Western Australia) 
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5.2.3 Macrocycle Templates: Platinum(II) Derivatives 
The bis(bidentate) complexes of platinum(II) containing MAsSH 
were prepared by adding a solution of K2[Ptc1 4J in water to the 
appropriate form of the ligand in methanol in the presence of 
base. When (±)-MAsSH was used, a pale yellow precipitate was 
obtained, which could be recrystallized from dichloromethane-
ethanol to give bright yellow needles in 56% yield. When the 
optically active forms of MAsSH were used, however, only yellow 
glasses could be obtained. Interestingly, the 1H NMR spectrum of 
the crude inactive material in CDC1 3 initially indicated the 
presence of all four diastereomers in approximately equimolar 
quantities. (The assignment of these resonances together with 
those of the corresponding model complexes [Pt(AsS) 2J are given in 
Table 6.) The diastereomeric ratio, however, slowly changed to 
give a racemic-cis : meso-cis : racemic-trans : meso-trans = 
72:14:7:7 mixture after 48 hours at room temperature (Figure 16). 
It was subsequently shown by 1H NMR studies that the yellow 
needles obtained from the recrystallization of the yellow 
precipitate from dichloromethane-ethanol were the pure meso-cis 
isomer. As shown in Figure 16 , the :H NMR spectrum of the pure 
diastereomer in CDC1 3 changed to the equilibrium 10:2:1 :1 mixture 
of the four isomers after 48 hours at room temperature. 
The optically active material obtained from the reaction of 
K2[PtC14] with two equivalents of the resolved ligands (+)-MAsSH 
was shown to be an equimolar mixture of cis and trans isomers at 
25 °C. Thus the immediate 1H NMR spectrum of the yellow glass in 
Table 6 Equilibrium Populations (in parenthesis) and o AsMe of Diastereomers 
of [Pt(AsS) 2 ] and [Pt(MAsS) 2 ] in CDC1 3 at 25 °C 
Compound racemic-cis meso-cis racemic-trans meso-trans 
(±)-[Pt(AsS) 2 ] 1.35 (61 %) 1.82 (23 %) 1.87 ( 8 %) 1.89 ( 8 %) 
JPtH=17.3 Hz JPtH=18.0 Hz JPtH=20.0 Hz JPtH=20.2 Hz 
(+)-[Pt(AsS) 2 ] 1.35 (83 %) - 1.87 (17 %) 
JPtH=17.3 Hz JPtH=20.0 Hz 
(±)-[Pt(MAsS) 2 ] 1 . 1 2 ( 72 % ) 1.74 (14 %) 1 • 92 ( 7 % ) 1.94 ( 7 %) 
JPtH=17.4 HZ JPtH=18.6 Hz JPtH=24.6 Hz JPtH=2 4. 7 Hz 
( + )-[ P.t (MAsS) 2 ] 1.12 (91 %) - 1 • 92 ( 9 % ) 
I-' 
I-' 
JPtH=17.4 Hz JPtH=24.6 Hz --....J 
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(i) 
OMe 
48h(25°C) 
4(0Me) 
equilibrium mixture 
48h(25°C) 
4(0Me) 
(ii) 
kinetic products 
J 
-------
1.........1.~,,l, ... 1 ••• , I~ ..... ~·.! . . 1 •••• I~. 
l 2 1 
Figure 16 Redistribution of i) meso-cis-[Pt(MAsS) 2 ] 2 and ii) crude 
products in CDC1 3 with AsMe resonances identified (a 2 racemic-
cis; b= meso-cis; cm racemic-trans and d2 meso-trans). 
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CDC1 3 exhibited two AsMe resonances of equal intensity at o 1.12 
and 01.92. This changed to a cis: trans=91 :9 mixture of the two 
isomers after 48 hours. 
5.2.4 Synthesis of Racemic and Meso Macrocycles 
General Strategy 
The cyclization methodology used in this work involved the 
conversion of the methoxy groups of the coordinated bidentate 
precursors into alkylating functionalities which could then react 
with the neighboring sulfido atoms to form cyclic linkages. 
Classical methods of cleaving ethers often involve treatment of 
the compounds with strong acids under reflux. Such conditions were 
considered to be too severe for the present systems in which 
ligand redistribution reactions are prevalent. Furthermore, it was 
desirable to avoid hydroiodic and hydrobromic acids since mineral 
acids are known to catalyse racemization of asymmetric tertiary 
arsenic centers.7 4 
Boron tribromide has been reported to cleave some methyl aryl 
ethers to form the corresponding bromides at -80 °C with reaction 
times varying from three hours to seven days depending upon the 
nature of the ether bonds. 68-71 Thus BBr3 was considered to be a 
suitable reagent as it could be expected to cleave the reactive 
benzyl-oxygen bonds selectively to give the corresponding benzyl 
bromide derivative, which could then undergo S-alkylation with the 
coordinated sulfur donors to give the desired macrocycles (Scheme 
11 ) • 
120 
Scheme 11 
OMe Br 
Me'°' 
As S 
., / 
Pd 
/' S As~ 
Me 
Meo Br 
l 
Me'°' 
· As S 
S As~ 
Me 
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Cyclization 
As shown in Scheme 11, both the racemic and meso forms of the 
14-membered macrocycle (97) were obtained from the reaction of 
(±)-[Pd(MAsS) 2J with BBr 3 in chloroform. On completion of the 
cyclization process the metal was removed by cyanolysis and the 
residual oil was purified by column chromatography to give the 
pure diastereomers as white crystalline solids. The monomeric 
cyclic arsine (R*)-(98) was also isolated from the reaction. 
(R*,S*)-(97) ( R *, R *) - ( 97 ) (R*)-(98) 
All three cyclic arsines are air stable compounds and in 
contrast to the macrocycle precursor (±)-MAsSH they are odourless. 
The racemic 14-membered macrocycle (R*,R*)-(97) crystallized from 
dichloromethane-methanol as large white plates. It is insoluble in 
ether and n-hexane, but is slightly soluble in ethanol and 
methanol and very soluble in dichloromethane, acetone and 
chloroform. As shown in Figure 17, the 1H NMR spectrum of (R*,R*)-
(97) in CDC1 3 contains a sharp AsMe singlet at o 1.08 and a 
characteristic AB quartet at o 3.56,4.41 ( 2JHH' = 13.67 Hz) for 
the benzylic protons. A single crystal X-ray analysis of the 
compound confirmed the expected molecular geometry of (R*,R*)-(97) 
r 
Figure 17 1 H NMR spectrum of (R*,R*)-(.97} 
L.J L L L ~ ~ 
9 8 7 6 5 
~ 
in CDC1 3 
benzylic-CH2 
~ ~ 
4 3 
CH 2CH2 
~ 
2 
~ 
1 
AsMe 
I-' 
[\J 
[\J 
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Figure 18 Molecular structure of (R*,R*)-(97) 
(Crystal structure determined by J . W.Patrick, B.W .Skelton, and 
A.H.White , University of Western Australia) 
s 
in which the asymmetric arsenic stereocenters have the same 
relative absolute configurations (Figure 18). 10 
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Diastereomer (R*,S*)-(97) crystallized from dichloromethane-
methanol as long white needles. It is insoluble in ether,n-hexane, 
methanol and ethanol, but it is soluble in dichloromethane, 
acetone and chloroform. The ~H NMR spectrum of (R*,S*)-(97) in 
CDC1 3 is similar to that recorded for (R*,R*)-(97). The AsMe 
resonance occurs as a singlet at 8 1.21 together with a 
characteristic AB quartet at 8 3.36,4.45 ( 2JHH' = 13.67 Hz) for 
the benzylic protons (Figure 19). The monomer (R*)-(98) was 
initially isolated as a colorless oil, but it crystallized slowly 
at room temperature to give a white crystalline solid. A monomeric 
structure for (R*)-(98) was assigned on the basis of a molecular 
weight determination of the compound in dichloromethane 
(calculated 240±10, found 239±10). The compound is insoluble in 
ether and n-hexane, but it is soluble in ethanol, methanol, 
chloroform, dichloromethane and acetone. As shown in Figure 20, 
the 1H NMR spectrum of (R*)-(98) in CDc1 3 exhibited an AsMe 
singlet at 8 1 .30 and the benzylic protons appeared as an AB 
quartet at 8 3.70,4.15 ( 2JHH' = 14.53 Hz). 
Figure 19 1 H NMR spectrum of (R*,S*)-(97) in CDC1 3 Jl.sMe 
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Figure 20 1 H NMR spectrum of (R*)-(97) in CDC1 3 
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The relative yields of each cyclic compound greatly depended 
upon the conditions employed in the cyclization reaction. Thus 
when a solution of (±)-[Pd(MAsS) 2J in chloroform was treated with 
BBr 3 at room temperature and the reaction mixture was stirred for 
two hours at the same temperature and then for 16h at 40 °C, the 
following yields were obtained: (R*,R*)-(97), 50%; (R*,S*)-(97), 
2% and (R*)-(98), 17%. On the other hand, when BBr 3 was added to 
the reaction mixture at 40 °C, (R*,R*)-(97) was isolated in only 
10% yield, the major product being (R*)-(98) (78%). No (R*,S*)-
(97) was detected in this case. Table 7 summarizes the results of 
six different runs under various conditions. Similar results were 
obtained when dichloromethane was used as the solvent. 
Table 7 Relative Yields of Cyclic Arsines under Various Reaction 
Conditions. 
Isolated yield(%) 
Cond. t1 (h) t2 ( h) T (oc) (R*,R*)-(97) (R*,S*)-(97) (R*)-(98) 
a 0 16 40 1 0 0 78 
b 0.25 1 6 40 31 0 55 
C 2.0 1 6 40 50 2 17 
d 2.0 48 40 49 0 38 
e 2.0 16 60 42 0 41 
f 18.0 0 0 0 
t1=time of reaction at room temperature 
t2=time of reaction at the specified temperature 
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Interestingly, the use of benzene (in which only trans 
precursors are found) as the reaction medium gave rise to a 22% 
yield of (R*,R*)-(97), together with 12% yield of the monomer 
(R*)-(98) (under condition (c) in Table 7). No (R*,S*)-(97) was 
isolated. 
Although it has been reported that BBr 3 cleaves certain 
ether bonds at -78 °c, 68-70 heating was required in this work. As 
shown in Table 7, when a solution of [Pd(MAsS) 2J in chloroform was 
treated with BBr3 at roan temperature for 18 hours, no cyclization 
products were obtained after cyanide displacement. This may have 
been due to the complexation of BBr 3 to the coordinated thiolato 
groups at room temperature which reduced the rate of the s-
alkylation.72 At 40 °C, the BBr 3 is apparently released from such 
complexes allowing the cyclization reaction to proceed. 
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Another interesting feature of the cyclization reaction was 
the relatively small quantity (0-2%) of (R*,S*)-(97) obtained 
compared to that of the corresponding racemic isomer (up to 50% 
yield). In order to understand this surprising result, the steric 
features associated with the template complex meso-trans-
[Pd(MAsS)2J and the reactivity of BBr 3 toward various methyl alkyl 
ethers were considered. As shown in the following diagram, 
molecular models suggested that the preferred three dimensional 
arrangement of meso-trans-[Pd(MAsS) 2J in solution is one in which 
both oxygen atoms. are located at the axial positions of the metal 
complex. Under such circumstances, it is feasible that 
interactions between the ether donors and the metal center exist, 
thus forming two new 6-membered chelate rings. As a result of this 
0-Me 
chelation, the benzyl-oxygen bonds in the template complex would 
be deactivated towards BBr 3 • For the corresponding racemic-trans 
isomer both oxygen atans must canpete for the same axial site, 
thus making them relatively more reactive towards branination. 
The reactivity of BBr 3 towards various methyl ethers is 
another important consideration in the cyclization step. Normally, 
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when ethers of the type R-0-Me (where R = alkyl or aryl) react 
with BBr3, the oxygen-methyl bond is cleaved to give the 
corresponding alcohol and methyl branide.73 
R-0-Me R-0-H + MeBr (R=aryl,alkyl) 
When a methoxy group is attached to a benzylic carbon, however, 
the reactive benzylic-oxygen linkage is cleaved. For example, when 
benzyl methyl ether was treated with BBr3 using conditions (c) 
(Table 7), benzyl bromide was obtained quantitatively. 
PhCH2Br + MeOH 
Cleavage of the oxygen-methyl bond was observed in the 
reaction between (±)-[Pd(MAsS) 2J and BBr3 at room temperature. 
After cyanolysis and chranatography, a small quantity of (2-
mercaptoethyl)[2-(hydroxymethyl)phenyl]methylarsine, (±)-(84), was 
isolated. In this reaction the formation of (±)-{84) could only be 
considered as a result of the demethylation of the ether 
precursor. 
OH 
Me~ ( (±)-(84) 
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Presumably, the free ether undergoes complete demethoxylation 
whereas for the coordinated ether, there is a competition between 
the demethoxylation and the demethylation pathways. In the case of 
the mesa precursor, the latter process is envisaged to be more 
facile due to the lack of meso macrocycle in the product. Clearly, 
demethylation of the ether linkage cannot lead to the desired 
cyclized products. Indeed such process may account for the 
significant amount of polymeric material obtained from the 
cyclization reaction. 
The isolation of the monomeric species (R*)-(98) from the 
cyclization reaction was not surprising since the template complex 
(±)-[Pd(MAsS) 2J is labile with regard to ligand redistribution. 
Presumably the life time of the uncoordinated intermediate benzyl 
bromide species is sufficient for intramolecular cyclization to 
occur. 
Br 
Me'\.AAs S 
\_J 
(R*,R*)-(97) could also be prepared from the reaction between 
(±)-[Pt(MAsS) 2J and BBr 3 in chloroform. Table 8 summarizes the 
results of various cyclizations when the crystalline meso-cis-
[Pt(MAsS)2J was used as template material. Presumably, the 
formation of the trans-As 2 S 2 macrocycle from this cis-platinum(II) 
1 32 
complex is a result of facile cis-trans isanerization under the 
reaction conditions employed. 
Table 8 Relative Yields of Cyclic Arsines Using [Pt(MAsS) 2J as 
Precursors. 
Isolated yield ( %) 
Cond t 1 ( h) t2 ( h) T ( ° C) (R*,R*)-(97) (R*,S*)-(97) (R*)-( 98 ) 
a 2 16 40 44 0 0 
b 2 
C 2 
16 60 
48 60 
40 
35 
t1= time of reaction at room temperature 
t2= time of reaction at the specified temperature 
0 
0 
12 
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Interestingly, (R*,S*)-(97) was not obtained under any of the 
reaction conditions employed. Similar results were observed when 
freshly prepared samples of (±)-[Pt(MAsS) 2J (which were mixtures 
of all four diastereomers) were used as template materials. 
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Mineral Acid Catalysed Epimerization of Macrocycles 
When a dilute sample (ca. 5 gL-~) of (R*,R*)-(97) in CDC1 3 
was treated with a catalytic quantity of DCl for 24h a 1 :1 mixture 
of the racemic and meso diastereomers was observed in the 1H NMR 
spectrum. After 5 days, this diastereomeric ratio had not changed. 
A similar result was obtained when (R*,S*)-(97) was treated with 
DCl under the same conditions. This result was not unexpected as 
it is well established that optically active tertiary arsines 
undergo racemization in the presence of mineral acids.74 
HX 
Interestingly, when a more concentrated sample (ca. 25 gL- 1) 
of (R*,R*)-(97) in chloroform was exposed to a solution of HCl in 
methanol (v/v = 1 :1) for two weeks, long needles of the less 
soluble diastereomer (R*,S*)-(97) slowly crystallized fr om the 
solution in quantitative yield. This phenomenon represents a 
second order transformation between the diastereomers, and a 
similar transformation had previously been observed in the 
quantitative conversion of meso-1 ,2-phenylene-
bis(methylphenylarsine) into its racemic analogue with mineral 
acid catalysis.28 
la, 
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5.2.5 Synthesis of Optically Active Macrocycles 
The macrocycle precursor [S-(R*,R*)]-[Pd(MAsS) 2 ] was prepared 
- - -
by reacting Li 2[PdC14] with two molar equivalents of (R)-MAsSH in 
the presence of base and was isolated as a yellow glass . A 
chloroform solution of this complex was treated with BBr 3 at roan 
temperature, the reaction mixture was stirred for two hours at 
this temperature and then for 16h at 40 °C. After displacement 
with cyanide and removal of the solvent the crude product was 
purified by column chranatography to give the optically active 14-
membered macrocycle [R-(R*,R*)]-(97) in 66% yield (Scheme 12). The 
optically active macrocycle [R-(R*,R*)]-(97) is an air-stable 
compound having [a]D -180° (CH2c1 2). As in the case of the racemic 
analogue, (R*,R*)-(97), it is soluble in chloroform, 
dichloromethane and acetone, slightly soluble in both methanol and 
ethanol, but insoluble in ether and n-hexane. The 1H NMR spectrum 
of [R-(R*,R*)]-(97) in CDC1 3 was identical to that of the 
corresponding racemic material. Treatment of [R-(R*,R*)]-(97) in 
chloroform with a 1 :1 mixture of HCl/Me0H for 24 hours caused a 
complete loss of optical activity and slow crystallization gave an 
almost quantitative yield of (R*,S*)-(97). 
The optically active monomer (R)-(98) was also obtained in 
13% yield from the cyclization process and had [a]D -32.5° 
(CH 2c1 2). The 1 H NMR spectrum of (R)-(98) was identical to that 
recorded for the corresponding racemic material . 
Scheme 12 
OMe 
MA s 
.._'As / 
"--..,.Pd 
s/ ~s..Me 
B8r3 
.. 
Me, S 
'As 
" / Pd 2+ 
/' s As, 
MeO 
2Br-
CN-
• 
Me 
Me, 
'As 
s As .. ~j 
'me 
IR-(R* ,R*) ]- (9 7) 
1--' 
w 
Ul 
136 
In a similar manner, the optically active dimer [S-(R*,R*)]-
(97) and the monomer (S)-(98) were obtained from the reaction 
between [R7(R*,R*)]-[Pd(MAsS) 2J and BBr 3 in chloroform. 
5.2.6 Macrocyclic Palladium(II) Complexes 
Attempts to characterise the intermediate macrocyclic 
palladium complexes generated in the cyclization step were 
unsuccessful. To gain insight into these canplexes, a number of 
bivalent palladium complexes incorporating this new ligand were 
studied. Complexes of the type [PdL](Cl0 4 ) 2 were prepared for 
(R*,R*)-, [R-(R*,R*)]-, [S-(R*,R*)]-, and (R*,S*)-(97) by reacting 
the appropriate form of the ligand with [Pd(MeCN) 4 ](Cl0 4 ) 2 in 
acetonitrile. All of the canpounds were isolated in good yields 
(68-76%) as yellow needles after recrystallizaion fran acetone-
ether. The complexes [PdL]X 2 (where X = Br, Cl, PF 6 ) were also 
prepared for (R*,R*)-(97), although the dichloride could not be 
isolated in a pure crystalline form. The dibromide was synthesised 
by adding a solution of Li 2 [PdBr 4 ] in methanol to a solution of 
the racemic ligand in dichloromethane and was isolated as a 
trihydrate from an ethanol-water mixture. The dichloride, on the 
other hand, was best prepared by reacting (R*,R*)-(97) with 
[Pd(MeCN) 2 Cl 2 ] in acetonitrile. An ethanolic solution of the 
chloride upon treatment with excess aqueous NH 4 [PF 6 ] gave the 
corresponding dihexafluorophosphate salt. The latter complex was 
isolated as pale yellow crystals fran acetone-ether. 
Interestingly, attempts to isolate the analogous dibromide or 
dihexafluorophosphate salts of (R*,S*)-(97) under the same 
Table 9 Selected Physical Properties for the Macrocycle Complexes [Pd(97)]X
2 
Compound mp (°C) a [a]D_ 2 -1 -1 b J\M(cm Q mol ) 
MeCN Me~CO DMSOc 
[Pd{(R*,R*)-(97)}]Br 2 •3H 2 0 183-185 - 107 ( 1 : 1 ) 121 (1:1) 25 ( 1 : 1 ) 
[Pd{(R*,R*)-(97)}](Cl0 4 ) 2 263-265 - 215 (2:1) 1 36 ( 1 : 1 ) 54 (2:1) 
[Pd { ( R * , R * ) - ( 9 7) } ] ( PF 6 ) 2 225-227 - 232 (2:1) 136 (1:1) 53 (2:1) 
[Pd { ( R, R ) -( 9 7) } ] ( Cl O 4 ) 2 265-267 -84 213 (2:1) 135 (1:1) 53 (2:1) 
[Pd{(R*,S*)-(97)}](Cl0 4 ) 2 259-261 - 216 (2:1) 135 (1:1) 54 (2:1) 
a Measured in DMSO-d 6 at 25 °C. b -3 C 2 -1 -1 -3 For 10 M solution at 25 °C. Compare with J\M = 47 cm Q mol for 10 M 
[Pd{(R*,S*,)-1,2-C 6 H4 (PMePh) 2 } 2 ](PF 6 ) 2 in DMSO at 25 °C. I-' 
w 
-...J 
Table 10 1 H NMR Data for The Complexes [Pd(97)]X 2 
Compound solvent o AsMe 
[Pd{(R*,R*)-(97)}]Br 2 •3H 2 0 CD 3 CN 2. 15 
[Pd{(R*,R*)-(97)}](Cl0 4 ) 2 CD 3 CN 1. 95 
DMSO-d 6 2.24 
[Pd{(R*,R*)-(97)}](PF 6 ) 2 CD 3 CN 2. 15 
[Pd{(R*,S*)-(97)}](Cl0 4 ) 2 CD 3 CN 1. 38 
2. 19 
DMSO-d 6 1 . 36 
2.26 
a Observed as AB quartets. 
CH 2CH 2 benzylic-CH 2 a 
2.46-3.42 4. 12, 4. 48 ( 11 . 5) 
2.00-3.91 4.14,4.59 (14.9) 
1.93-4.18 4.35,4.18 (14.7) 
2.03-3.87 4.11,4.55 (15.6) 
2.54-4.38 4.88,4.92 (12.4) 
4.45,4.60 (15.2) 
2.58-4.49 4.06,5.09 (12.4) 
4.64,4.76 (14.9) 
aromatics 
7.53-7.79 
7.27-7.47 
7.26-7.55 
7.28-7.48 
7.53-7.79 
7.52-7.85 
7.52-7.85 
I-' 
w 
co 
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reaction conditions, failed. In both cases only free ligand was 
recovered from the reaction mixture. In general, the complexes 
were only sparingly soluble in the usual organic solvents, but 
they were soluble in acetonitrile and dimethylsulfoxide. 
As shown in Table 9, the diperchlorate salts and the 
dihexafluorophosphate salt behaved as 2:1 electrolytes in 
acetonitrile and dimethylsulfoxide which is consistent with a 
square-planar geometry for the cations in this solvent. In 
acetone, however, the complexes behaved as 1 :1 electrolytes, 
indicating the presence of five coordinate cations. The dibromide 
salt behaved as a 1 :1 electrolyte in all three solvents. The 
stereochemistry of the bivalent palladium compounds was 
investigated with use of 1 H NMR spectroscopy. In view of the 
solubility and conductivity properties, 1 H NMR spectra were 
recorded in d 3 -acetonitrile or d 6 -dimethylsulfoxide (Table 10). 
For the complexes [PdL](Cl0 4 ) 2 , with [R-(R*,R*)]-, [S-
(R*,R*)]- or (R*,R*)-(97) three stereoisaners can be envisaged, as 
- -
shown in Figure 21. The isomers having c2 symmetry would be 
expected to display only one AsMe signal in the 2 H NMR spectrum, 
while two distinct AsMe resonances would be anticipated for the 
diastereomer having c1 symmetry. The 1 H NMR spectra of all three 
complexes were in fact identical exhibiting a single AsMe 
resonance at o 1 .95 in d 3 -acetonitrile and at o 2.24 in d 6 -
dimethylsulfoxide. Clearly only one stereoisomer of c2 symmetry is 
present in solution, and on the basis of the structure found 
s 
_,.-s 
• 
R 
As 
'Me 
R 
As 
'Me 
1~0 
+ Figure 21 Stereochemical representations of [Pd{(R*,R*)-(97)}] 2 
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for [Pd{(R*,R*)-(97)}]Br 2 in the solid state (see below), the 
dissymmetric diastereomer in which all four asymmetric centers 
have the same absolute configurations is proposed for this cation 
in solution. 
Compound [Pd{(R*,R*)-(97)}]Br 2 is clearly five-coordinate in 
acetonitrile. solution, (as evidenced by conductivity studies) 
although an X-ray analysis on a crystal of the complex (from hot 
aqueous ethanol solution) revealed an essentially square-planar 
arrangement of donor atoms with no significant palladium-bromide 
interactions (nearest contact 3.674(3)A, Figure 22). Furthermore, 
all of the asymmetric centers in the molecule have the same 
absolute configurations. The DH NMR spectrum of the dibromide 
complex in d 3-acetonitrile exhibited one AsMe singlet a o 2.15 
which is consistent with only one stereoisomer being present. 
The 1 H NMR spectrum of [Pd{(R*,S*)-(97)}](Cl04)2 in d3-
acetonitrile exhibited two individual AsMe resonances of equal 
intensity at o 1.38 and o 2.19. Consistent with this result, two 
AB quartets were observed at o 3.88, 4.92 ( 2JHH' = 12.4 Hz) and o 
4.45, 4.60 ( 2 JHH' = 15.2 Hz) for the benzylic groups. Since the 
conductivity measurements precluded any association between the 
perchlorate anion and the metal center in acetonitrile, three 
square-planar stereochemistries are possible, as shown in Figure 
23. The NMR evidence can be explained in one of two ways: the 
presence of only one stereoisomer having c1 symmetry, or the 
presence of two isomers having Ci symmetry in the ratio of 1 :1. On 
the basis of shielding considerations it was _not possible to 
unequivocably determine which of the alternative was correct. 
14 2 
Figure 22 Molecular structure of [Pd{(R*,R*)-(97)}] 2 + 
(Crystal structure determined by J.W.Patrick, B.W.Skelton, and 
A.H.White, University of Western Australia) 
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Figure 23 . Stereochemical representations of [Pd{(R*,S*)-(97)}] 2 
Me, R 
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A subsequent single crystal X-ray analysis of the 
diperchlorate complex incorporating (R*,S*)-(97) revealed a 
molecule of Ci symmetry (Figure 24). The metal center was locat ed 
on a crystallographic center of symmetry with the two AsMe methyl 
groups disposed on opposite sides of the plane. No close contacts 
between the perchlorate anion and the metal center were observed. 
The cation is represented by stereoisomer (b) in Figure 23. 
It is noteworthy that a similar resonance pattern was 
observed in the 1 H NMR spectrum of [Pd{(R*,S*)-(97)}](Cl0 4) 2 in 
d6 -dimethylsulfoxide. Two AsMe resonances with equal intensities 
were observed at o 1.36 and 2.26 together with two sets of AB 
quartets at o 4.60, 5.09 ( 2JHH' = 12.4 Hz) and 6.64, 4.76 ( 2JHH' = 
14.9 Hz). Brief heating (ca. 5 minutes) of the sample to 150 °C, 
however, caused an unexpected quantitative asymmetric 
transformation into the corresponding racemic salt, [Pd{(R*,R*)-
(97)}](Cl04)2. As shown in Figure 25, as the temperature was 
raised the signals due to [Pd{(R*,S*)-(97)}](Cl0 4 ) 2 collapsed and 
gave rise to a new set of peaks. This new spectrum is identical to 
that recorded for [Pd{(R*,R*)-(97)}](Cl0 4) 2 at the same 
temperature. The reaction is irreversible: cooling of the sample 
back to room temperature revealed only the presence of the racemic 
complex in the 1 H NMR spectrum. 
+ Figure 24 Molecular structure of [Pd{(R*,S*)-(97)}] 2 
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(Crystal structure determined by J.W.Patrick, B.W.Skelton, and 
A.H.White, University of Western Australia) 
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Figure 25 Variable temperature 1H NMR spectra of 
[Pd{(R*,S*)-(97)}](Cl0 4 ) 2 in d6 -dimethylsulfoxide 
during heating over temperature range 25 °C to 150 °C. 
(Note changes in benzylic region) 
( i ) sample at 25 °C, 
(ii) sample heated from 
(iii) sample heated from 
(iv) sample heated from 
(v) sample cooled from 
S = solvent signal 
X = acetone impurity 
XX= water 
25 oc to 90 oc, 
90 oc to 11 0 oc, 
1 1 0 oc to 150 oc, 
150 oc to 25 oc. 
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Consistent with this result, heating of a sample of 
[Pd{(R*,R*)-(97)}](Cl0 4 ) 2 in d6 -dimethylsulphoxide for 30 minutes 
at 150 °C resulted in no significant change in the 1 H NMR 
-
spectrum. Furthermore, when the optically active Pd(II) analogue 
was used no loss of optical activity was observed under the same 
conditions. In addition, the free macrocycle, (R*,S*)-(97), was 
quite stable under these conditions, no evidence of epimerization 
of the asymmetric arsenic centers being detected. 
DMSO 
Although optically active arsonium halides are known to 
racemize in chloroform on heating,75 this is the first example of 
a coordinated arsenic center undergoing a similar transformation 
in the absence of halide. An inversion of coordinated tertiary 
arsenic stereocenters was observed by Bosnich et al. in certain 
cobalt(III) chloride salts of a linear tetra(tertiary arsine).76 
It is noteworthy that the difficulty experienced in preparing 
palladium complexes of the meso macrocycle coupled with the ready 
conversion of such complexes into their thermodynamically more 
stable racemic analogous may provide an alternative explanation 
for the low yield of mesa macrocycle in the initial cyclization 
reaction. 
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5.3 Experimental 
5.3.1 General 
The instrumental and experimental techniques were in general 
the same as those detailed in Section 3.3.1. Molar conductivi t y 
measur ements were determined using a Wissenschaftlich-Technische 
Werkstatten D 8120 Weilheim conductivity bridge in cells 
calibrated to 20 °C for solutions of 10-3M. Boron tribranide with 
99.99% purity was purchased from Aldrich Chem. Co. Inc.,U.S.A. and 
was transferred by syringe under argon. Molecular weight 
determinations of the cyclic arsines were performed by osmometry 
by staff within the School. The racemic and optically active form s 
of the macrocycle precursor MAsSH were prepared as detailed in 
Section 4.3.2 and 4.3.3. 
5.3.2 Template Synthesis of Macrocycles 
[SP-4-1-(R*,S*)]-Bis[2-[2-(methoxymethyl)phenylmethyl]-
ethanethiolato]palladium(II), meso-trans-[Pd(MAsS) 2J (95) A 
---------------------------------------------------------
suspension of palladium chloride (2.34g) and anhydrous lithium 
chloride (2.0g) in methanol (100mL) was stirred for 2h to give a 
reddish brown solution of Li 2[PdC1 4J. The solution was filt er ed 
and added dropwise to a mixture of (±)-MAsSH (7. 24g ) in me t hanol 
(50mL) in the presence of sodi um hydroxi de ( 14 mL, 2M ). After 
stirring for 0.5h, the yellow precipitate was collected, washed 
with water and ethanol and then redissolved in dichloromethane 
(100mL) and dried (MgS04). Ethanol (100mL) was added to the orange 
solution and the volume reduced by ca 50% by heating on a steam 
bath. Upon cooling, orange crystals of the desired product were 
obtained, mp 183-185 °C, 6.5g (83.9%). Anal. Calcd for 
1 51 
C22H32As202PdS2: C,40.7; H,5.0. Found C,41 .O; H,5.0. 1H NMR 
(CD2c1 2 , -78 °C) 6 1.80 (s,6,AsMe), 2.30-2.91 (m, 8, CH2CH2), 3.43 
(s, 6, OMe), 4.69,5.09 (ABq, 4, 2JHH' = 11.72 Hz, benzylic-CH2 ), 
6.89-7.78 (m, 8, aromatics); (CD2c1 2 , 25 °C) 61.06 (s, 1.71, 
AsMe), 1.64 (s, 0.87, AsMe), 1.80 (s, 3.42, AsMe), 2.37-2.86 (m, 
8, CH2CH2), 3.38 (s, o.87, OMe), 3.40 (s, 1.71, OMe), 3.43 (S, 
1 • 71 , 0 Me ) , 3 • 4 4 ( s , 1 • 71 , 0 Me ) , 4 • 0 6 , 4 • 5 0 ( AB q , 0 • 5 8 , 2 J HH , = 
10.74 Hz, benzylic-CH2 ), 4.61,4.78 (ABq, 1.14, 2JHH' = 11.23 
Hz,benzylic-CH2 ), 4.69,5.09 (ABq, 1.14, 2JHH' = 11.72 Hz, 
benzylic-CH2 ), 4.71,5.04 (ABq, 1.14, 2JHH' = 11.47 Hz, benzylic-
. . 
CH2 ), 6.89-7.78 (m, 8, aromatics); (CDC1 3 ) 61.10 (s, 0.9, AsMe), 
1. 64 ( s, 0. 3, AsMe) , 1 • 85 ( s, 2. 52, AsMe) , 61 • 86 ( s, 2. 28, AsMe), 
2.35-3.00 (m, 8, CH2CH2 ), 3.40 (s, 0.9, OMe), 3.42 (s, 2.52, OMe), 
3 • 4 7 ( s , 2 . 2 8 , 0 Me ) , 3 • 5 0 ( s , 0 • 9 , 0 Me ) , 4 • 6 4 , 4 • 7 6 ( AB q , 0 • 8 , 2 J H-
2 H' = 10.99 Hz, benzylic-CH2 ), 4.72,5.11 (ABq, 1.32, JH-H' = 11.72 
Hz, benzylic-CH2 ), 4.72,5.05 (ABq, 1.88, 2JH-H' = 11.72 Hz, 
. . 
benzyl.ic-CH2 ), 6.90-7.80 (m, 8, aromatics). (C6D6) 61.50 (s, 3.33, 
AsMe), 1.52 (s, 2.67, AsMe), 1.96-2.86 (m, 8, CH 2CH 2 ), 3.30 (s, 
3 • 3 3 , 0 Me ) , 3 • 3 8 ( s , 2 • 6 7 , 0 Me ) , 4 • 7 3 , 5 • 1 3 ( AB q , 2 • 2 2 , 2 J H H , = 
2 11.96 Hz, benzylic-CH2 ), 4.76,5.25 (ABq, 1.78, JHH' = 11.73 Hz, 
benzylic-CH2 ), 7.00-7.61 (m, 8, aromatics). 
[SP-4-2-(R*,S*)]-Bis[2-[2-(methoxymethyl)phenylmethyl]-
-------------------------------------------------------
ethanethiolato]platinum(II), meso-cis-[Pt(MAsS) 2J (96) A solution 
------------------------------------------------------
of K2PtCl4 (3.82g) in water was added dropwise to a solution of 
(±)-MAsSH (5.0g) in ethanol (30 mL) in the presence of sodium 
hydroxide (5 mL, 2M). The solution was stirred for 20 minutes. The 
yellow precipitate was filtered off, then redissolved in 
dichloromethane. The organic solution was washed with water, dried 
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(MgSO4), filtered and the solvent removed to give a yellow glass 
6.6Og. 1H NMR (CDC1 3) 01.12 (s, 1.5, 3JPtH = 17.7 Hz, AsMe), 1.74 
(s , 1.5, 2JPtH = 18.6Hz, AsMe), 1.92 (s, 1.5, 3JPtH = 24.6 Hz, 
AsMe), 1.94 (s, 1.5, 3JPtH = 24.7 Hz, AsMe), 2.00-2.68 (m, 8, 
CH 2CH2), 3.41 (s, 1.5, OMe), 3.43 (s, 1.5, OMe), 3.46 (s, 1.5, 
0 Me ) , 3 . 4 7 ( s , 1 . 5 , 0 Me ) , 4 • 1 5 , 4 • 7 4 ( AB q , 1 , 2 J H H , = 1 1 • 2 3 Hz , 
0 CH 2 ) , 4 . 6 4 , 4 • 9 3 ( AB q , 1 , 2 J HH , = 1 1 • 2 3 Hz , 0 CH 2 ) , 4 . 7 4 , 5 • 1 0 ( AB q , 
1, 2JHH' = 11.72 Hz, benzylic-CH2), 4.75,5.12 (ABq, 1, 2JHH' = 
11.72 Hz, benzylic-CH2), 6.97-7.87 (m, 8, arcmatics). This yellow 
glass was subsequently recrystallized from dichloromethane-
ethanol. After 14 days, the pure meso-cis diastereomer was 
obtained as yellow needles, mp183-185 °C in 56% yield. Anal. Calcd 
for C22H32As 2o2PtS2 : C,35.8; H,4.4. Found C,36.1; H,4.4. 
1H NMR 
(CDC1 3) 01.74 (s, 6, 3JPtH = 18.6 Hz, AsMe), 2.25-2.69 (m, 8, 
2 CH 2CH 2) , 3. 41 ( s, 6, OMe) , 4. 15, 4. 7 4 ( ABq, 4, J HH, = 11 • 2 3 Hz, 
benzylic-CH2), 6.97-7.50 (m, 8, arcmatics). 
(5R*,14R*)-5,6,7,9,14,15,16,18-octahydro-5,14-dimethyl-
- -
-------------------~-----------------------------------
dibenzo[f,m][4,11,1,8]-dithiadiarsacyclotetradecin, (R*,R*)-(97); 
(5R*,14S*)-5,6,7,9,14,15,16,18-octahydro-5,14-dimethyl-
-------------------------------------------~-----------
dibenzo[f,m][4,11 ,1,8]-dithiadiarsacyclotetradecin, (R*,S*)-(97 ); 
--------------------------------------------------------------
(2R*)-2-methyl-2-arsa-5-thiabicyclo[5,4,O]nona-1(7),8,1O-tri ene , 
---------------------------------------------------------------
(R*)-(98). Boron tribrcmide (5 mL) was added slowly to a 
solution of meso-trans-[Pd(MAsS) 2J (5g) in dichlorcmethane (100 
mL) at rocm temperature. The color of the s olution change d rapi dly 
frcm orange to pale yellow during the addition of BBr 3• The 
reaction mixture was allowed to stir at this temperatur e for two 
hours and then warmed at 40 °C for another 16h (oil bath 
temperature thermostated at 40 °C). After cooling to rocm 
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temper ature, the solution was treated with aqueous sodium 
hydroxide (100 mL of 1M solution) over a period of 30 minutes. A 
solution of potassium cyanide (5g) in water (25 mL) was added and 
the reaction mixture was allowed to stir at room temperature for 
1h. The colorless organic layer was separated and the aqueous 
• layer was extracted with dichloromethane (2X5O mL). The combined 
organic extracts were washed with water, dr ied (MgSO4), filtered 
and the solvent removed. The whit P oil thus obtained was 
chromatographed under medium pressure (30 psi) through a pre-
packed column of silica gel (Merck Si-6O, size B) with 
dichloromethane-n-hexane (1 :3 v/v) as eluent to give three cyclic 
materials: 
(R*,R*)-(97) The white crystalline solid obtained from the silica 
column was recrystallized fr om dichloromethane-n-hexane as white 
plates, mp 127-129 °C, 1.85g (50%). Anal . Calcd for c 2O H26As 2s2 : 
C,5O.O; H,5.5. Found C,5O.2; H,5.6. 1H NMR (CDC1 3) 01.08 (s, 6, 
AsMe), 1.73-2.55 (m, 8, CH 2CH 2), 3.56,4.41 (ABq, 4, 2JH-H' = 13.67 
Hz, benzylic-CH2), 7.03-7.27 (m, 8, aromatics). (Retention vol. 435 mL). 
meso-(97) The white crystalline solid obtained from the silica 
column was recrystallized from dichloromethane-n-hexane as white 
needles, mp 197-198 °C, O.O8g (2%). Anal. Calcd for c 2O H26As 2s2 : 
C,5O.O; H,5.5. Found C,49.9; H,5.4. 1H NMR (CDC1 3) 01.21 (s, 6, 
AsMe), 1.74-2.66 (m, 8, AsCH 2cH 2), 3.63, 4.53 (ABq, 4, 2JH-H'= 
13.67Hz, benzylic-CH2), 7.22-7.52 (m, 8, aromatics) \(Retention vol. 330 mL~ 
(R*)-(98) The monomer was obtained from the column as a 
colorless oil which crystallized slowly at room temperatur e to 
afford a white solid, mp 75-76 °C, O.63g (17%). Anal. Calcd for 
C 1 oH1 3AsS: C, 50. 0; H, 5. 5. Found C, 50. 2 ; H, 5. 6. 
1 NMR ( CD Cl 3) o 1 . 30 
(s, 3, AsMe), 2.01-3.29 (m, 4, CH 2cH 2), 03.70,4.15 (ABq, 2, 2JH-H' 
= 14.53 Hz, benzylic-CH2), o7.1O-7.32 (m, 4, aromatics). 
(Retention vol. 225 mLt 
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[R-(5R*,14B*)]-5,6,7,9,14,15,16,18-octahydro-5,14-dimethyl 
-----------------------------------------------------------
dibenzo[f,m][4,11,1,8]-dithiadiarsacyclotetradecin,(-)-(97); (R)-
------------------------------------------------------------------
2-methyl-2-arsa-5-thiabicyclo[5,4,0]nona-1(7) ,8,10-triene, 
(-)-(98). A suspension of palladium chloride (0.75g) and 
anhydrous lithium chloride (0.75g) in deoxygenated methanol (50 
mL) was stirred to give a reddish brown solution of Li 2[PdC14]. 
After being filtered, it was added dropwise to a solution of (R)-
MAsSH (2.25g) in deoxygenated methanol (50 mL) in the presence of 
sodium hydroxide (5 mL,2M). After 30 minutes, the solvent was 
removed and the resulting glass redissolved in dichloromethane. 
The orange solution was washed with water, and dried (MgS04). 
After r emoval of the solvent, the complexes remained as an orange 
glass. 1H NMR (CDC1 3) 01.10 (s, 1.8, AsMe), 1.86 (s, 4.2, AsMe), 
2.40-2.84 (m, 8, CH 2CH 2), 3.42 (s, 4.2, OMe), 3.50 (s, 1.8, OMe), 
4.64,4.76 (ABq, 1.2, 2JHH' = 11.0 Hz, benzylic-CH2), 4.72,5.05 
(ABq, 2.8, 2JHH' = 11.7 Hz, benzylic-CH2), 6.90-7.80 (m, 8, 
aromatics); (C6D6) 01.50 (s, 6, AsMe), 1.98-2.77 (m, 8, CH2CH2), 
3 . 3 0 ( s , 6 , 0 Me ) , 4 . 7 3 , 5 . 1 3 ( AB q , 2 • 2 2 , 2 J H H , = 1 1 • 9 7 Hz , 
benzylic-CH2), 7.00-7.64 (m, 8, aranatics); (CD2c1 2) 01.60 (s, 
2.3, AsMe), 1.80 (s, 3.7, AsMe), 2.38-2.90 (m, 8, CH 2CH2), 3.40 
(s, 3.7, OMe), 3.44 (s, 2.3, OMe), 4.61,4.78 (ABq, 1.5, 2JHH' = 
1 1 . 2 3 Hz , b en z y 1 i c-CH 2 ) , 4 . 71 , 5 • 0 4 ( AB q , 2 . 5 , 2 J H H , = 1 1 . 4 6 Hz , 
benzylic-CH2), 6.88-7.78 (m, 8, aranatics). Attempts to 
crystallize this hi ghly soluble material were not successful. 
The yellow complex was further dried at 40 °C under high 
vacuum (0.1 mmHg) for 3h to remove any trace .of water pr·esent. It 
was then dissolved in dry deoxygenated dichloranethane (50 mL) and 
treated with boron tribromide (3 mL, 99.99%). After 2h of st i rri ng 
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at room temperature, the reaction mixture was heated under gentl e 
reflux for 16h (oil bath temperature set at 40°C). The work up at 
this point followed the procedure outlined for the correspo nding 
racemic materials. The following cyclic products were isolated: 
[R-(R*,R*)]-(97) The white crystalline solid obtained from the 
column was recrystallized from dichloromethane-hexane to afford 
Anal. Calcd for c 20H26As 2s2 : C,50.0; H,5.5. Found C,50.1; H,5.3. 
1H N~R (CDC1 3): identical to that recorded for the corresponding 
racemic material. 
(-)-(98) The monomer was obt :- ined firstly as a colorless oil 
which crystallized slowly at room temperature to give a white 
solid, 0.25g (~3%), [a]D-32.5° (£ 10.0, CH2c1 2), mp80-82 °C. Anal. 
Calcd for c 10H13AsS: C,50.0; H,5.5. Found C,50.3; H,5.6. 
1H NMR 
(CDC1 3): identical to that recorded for the corresponding racemic 
material. 
[S-(5R*,14R*)]-5,6,7,9,14,15,16,18-octahydro-5,14-dimethyl-
-----------------------------------------------------------
dibenzo[f,m][4,11 ,1,8]-dithiadiarsacyclotetradecin,(+)-(97); 
------------------------------------------------------------
(S)-2-methyl-2-arsa-5-thiabicyclo[5,4,0]nona-1(7) ,8,10-triene, 
(+)-(98) The cyclic ars i nes were prepared in a similar way to 
their (-) isomer except using (S)-MAsSH as the precursor: (+)-
( 9 7 ) mp 1 3 2- 1 3 3 ° C , [ a ] D + 1 81 ° ( c 1 • 0 , CH 2 C 1 2 ) , 6 3 % y i e 1 d . An al . 
Calcd for c 20H26As 2s2 : C,50.0; H,54.5. Found C,50.1; H,5.5. 1H NMR 
(CDC1 3): identical t o that recorded for the corresponding 
racemic material. (+)-(98) mp 80-82 °C,[a]D+32.5° (c 5.0, 
---------
CH 2c1 2). Anal. Calcd for c 10H13AsS: C,50.0; H,5.5. Found. C,50.3; 
H,5.5. 1H NMR (CDC1 3): identical to that recorded for the 
corresponding racemic material. 
156 
5.3.3 Synthesis of Macrocycle Palladium(II) Complexes 
[SP- 4-1 - (5R* ,1 4R*)]-[5,6,7,9,14,15, 16, 18-octahydro-5, 14-
--------------------------------------------------------
dimethyl-dibenzo[f,m][4,11,1,8]-dithiadiarsacyclotetradecin-
------------------------------------------------------------
S8,S 17 ,As 5 ,As 14 ]palladium(II) Diperchlorate, (±)-(99). Freshly 
prepared [(MeCN) 2PdC1 2] (O.24g) was dissolved in acetonitrile (250 
mL) and silver perchlorate (O.38g) added to the mixture in the 
absence of light. The reaction mixture was allowed to stir in the 
dark for 5 minutes before being filtered and added dropwise to a 
solution of the racemic macrocycle (R*,R*)-(97) (O.45g) in the 
same solvent. The reaction mixture was stirred at room temperature 
for 1h,and then the solvent was removed. The residue was 
recrystallized from acetone to give a yellow crystalline product, 
mp 263-265 °C dee., O.58g (75.7%). Anal. Calcd for 
1 C20H25AsCl208PdS2: C,3O.6; H,3.3. Found C,3O.3; H,3.6. H NMR 
(CD 3CN) 01.95 (s, 6, AsMe), 2.00 3.91 (m, 8 , CH 2CH 2), 04.14,4.59 
(ABq, 4, 2JH-H' = 14.89 Hz, benzylic-CH2), 7.27-7.47 (m, 8, 
aromatics). 1H NMR (DMSO-d6 , 3O3K) 02.24 (s, 6, AsMe), 01.93-4.18 
(m, 8, CH 2CH 2), 04.35,4.18 (ABq, 4, 2JH-H'= 14.7 Hz, benzylic-
CH2), 07.26-7.55 (m, 8, aromatics). J\M= 136cm2~-:mo1-: (Me 2co), 
232cm2~-:mo1-: (MeCN), 54cm2n- 1mol - 1 (DMSO). 
[SP-4-1-[R-(5R*,14R*)]]-[5,6,7,9,14,15,16,18-octahydro-5,14-
------------------------------------------------------------
dimethyl-dibenzo[f,m][4,11,1,8]-dithiadi arsacyclotetradecin-
S8,S17,As5,As14]palladium(II) Diperchlorate, (-)-(99) The 
compound was prepared in the same manner as for (±)-(99) except 
using [S-(R*,R*)]-(+)-(97) to afford yellow needles, [a] 0 - 84° (c 
5.0, DMSO-d5), mp 265-267 °C dee, 71% yield. Anal. Calcd for 
(DMSO-d5): identical to that recorded for the corresponding 
racemic material.AM= 213 cm2n-:mo1-: (MeCN), 135 cm 2n- 1mo1- 1 
(Me2CO), 52cm 2n- 1mol - 1 (DMSO). 
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[SP-4-1-[S-(5R*,14R*)]]-[5,6,7,9,14, 15,16,18-octahydro-5, 14-
dimethyl-dibenzo[f,m][4,11,1 ,8]-dithiadiarsacyclotetradecin-
S8 ,S 17 ,As 5 ,As 14 ]palladiurn(II) Diperchlorate, (+)-(99) The 
-------------------------------------------------------
compound was prepared as for (±)-(99) except using [R-(R*,R*)]-
(-)-(97) to afford yellow needles, mp 265-267 °C dec,68% yield; 
[a]D+84.3° (c 6.5, DMSO-d5). Anal. Calcd for c 2O H25AsC1 203PdS2: 
C,3O.6; H,3.3. Found C,3O.2; H,3.4. 1H NMR (DMSO-d5): identical to 
that recorded for the corresponding racemic material. AM= 216cm2n-
1mol-1 (MeCN), 134 cm 2n- 1mol - 1 (Me2co), 53cm2n- 1mol - 1 (DMSO). 
[SP-4-1-(5R*,14S*)]-[5,6,7,9,14,15,16,18-octahydro-5,14-
dimethyl-dibenzo[f,m][4,11,1,8]-dithiadiarsacyclotetradecin-
S8 ,S 17 ,As 5 ,As 14 ]palladiurn(II) Diperchlorate, meso-(99) Prepared 
as for the racemic complex except using (R*,S*)-(97). The complex 
was recrystallized from acetonitrile-ether as pale yellow needles, 
mp 259-261 °C dee., O.55g (71.8%). Anal. Calcd for 
C20H25As2Cl2O3PdS2: C,3O.6; H,3.3. Found C,3O.4; H,3,6. 1H NMR 
(CD3CN, 298k), 01.38 (s, 3, AsMe), 2.19 (s, 3, AsMe), 2.54-4.38 
(m, 8, CH2CH2), 3.88,4.92 (ABq, 2, 2JH-H' = 12.4 Hz, benzylic-
CH2), 4.45, 4.60 (ABq, 2, 2JH-H' = 15.17 Hz, benzylic-CH2), 7.53-
7.79(m, 8, aromatics). 1H NMR (DMSO-d6 , 298K) o1 .36 (s, 3, AsMe)~ 
2.26 (s, 3, AsMe), 2.58-4.49 (m, 8, CH 2cH2), 4.06,5.09 (ABq, 2, 
2JH-H' = 12.39Hz, benzylic-CH2), 4.64,4.76 (ABq, 2, 2JH-H-' = 14.85 
Hz, benzylic-CH2), 7.52-7.85 (m, 8, aromatics). A=216 cm2n- 1mo1- 1 
(MeCN), 135 cm 2n- 1mo1-: (Me 2co), 54cm2n-:mo1-: (DMSO). 
158 
[ SP- 4- 1 - ( 5 R * , 1 4 R * ) ] - [ 5 , 6 , 7 , 9 , 1 4 , 1 5 , 1 6 , 1 8-o ct ah yd r o- 5 , 1 4-
--------------------------------------------------------
dimethyl-dibenzo[f,m][4,11 ,1,8]-dithiadiarsacyclotetradecin-
------------------------------------------------------------
S8 ,S 17 ,As 5 ,As 14 ]palladium(II) Dihexafluorophosphate, (±)-(102). 
--------------------------------------------------------------
Freshly prepared [(MeCN) 2PdC1 2] (0.2g) was dissolved in 
acetonitrile (200 mL), filtered and then added dropwise to a 
solution of the racemic macrocycle (R*,R*)-(97) (0.36g) in the 
same solvent. The mixtw"e was allowed to stir for 1h and then the 
solvent was removed. The orange residue was dissolved in a boiling 
ethanol-water mixture (4:1, 200 mL), and the resulting yellow 
solution treated with excess NH4[PF6] (1g) in water (10 mL). The 
reaction mixture. was allowed to stir until the solution had cooled 
to room temperature. The product precipitated as a pale yellow 
dihexafluorophosphate salt. Complete precipitate was ensured by 
adding a further quantity of water (100 mL). The pale yellow 
precipitate was filtered, washed with water, aqueous ethanol (1 :1) 
and diethyl ether. The product was recrystallized from acetone-
diethyl ether to afford pale yellow cubes, o.61g (87%); mp225-227 
°୥	C. Anal. Calcd for c23H32 As2F12oP2PctS: C,29.6; H,3.5. Found 
C,29.5; H,3.5. 1H NMR (Me2CO-d6) 02.10 (s, 6, Me 2CO), 2.32-4.20 
(m, 8, AsCH 2CH 2), 2.41 (s, 6, AsMe), 4.52,4.91 (ABq, 4, 2JHH' = 
15.4 Hz, benzylic-CH2), 7.33-8.48 (m, 8, aranatics). (MeCN-d 6 ) o 
2.15 (s, 6, AsMe), 2.03-3.87 (m, 8, AsCH 2CH2 ), 4.11,4.55(ABq, 4, 
2JHH'=15.6 Hz, benzylic-CH2), 7.28-7.48 (m, 8, aranatics). AM= 232 
cm 2n-:moi-: (MeCN), 136 cm 2n- 1moi- 1 (Me 2co), 53cm 2n- 1moi- 1 (DMSO). 
[SP-4-1-(5R*,14R*)]-[5,6,7,9,14,15,16,18-octahydro-5,14-
--------------------------------------------------------
dimethyl-dibenzo[f,m][4,11,1,8]-dithiadiarsacyclotetradecin-
------------------------------------------------------------
S 8 , S 1 7 , As 5 , As 1 4 J pa 11 ad i um ( I I ) D i b r an i de , ( ± ) - .( 1 O 3 ) A s us pens i o n 
----------------------------------------------~---
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of palladium chloride (0.04g) and anhydrous lithium bromide (0.2g) 
in methanol (25 mL) was stirred for 2h . The solution was filtered 
and then added dropwise to a mixture of the (R*,R*)-(97) (0.1g) in 
dichloromethane (10 mL). The mixture was stirred at room 
temperature for 0.5h and then the solvent was removed. The residue 
was crystallized from ethanol-water to afford yellow cubes, mp 
183-185 °C dee., 0.13g (83.6%). Anal. Calcd for 
C20H30As2Br203PdS2: C,30.0; H,4.0. Found C,30.2; H,4.0. 1H NMR 
( CD 3 C N ) o 2 . 1 5 ( s , 6 , A sM e ) , 2 • 2 0 ( s , 6 , H 2 0 ) , 2 • 4 6- 3 • 4 2 ( m , 8 , 
CH2CH2), 4.12,4.48 (ABq, 4, 2JH-H' = 11.48 Hz, benzylic-CH2 ), 
7.53-7.79 (m, 8, aromatics). AM=107 cm 2n-:mol-~ (MeCN), 121 cm2n-
1 mo 1 - 1 ( Me 2c o ) , 2 5 cm 2 n- 1 mo 1 - : ( D MS O ) • 
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